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INTRO 1)t’( “I’ ION

A need exists in rocke’ i rne’.Isurt’me’n s programs for a system that

can be’ used in t he Ii e’ Id for qu I ck— look eva 1 ua t Ion o t t lie result s

from the various rocke’tborne’ inst rnme~nt s. In the past he’ data

evaluation ti.is usually involved a limit e d pr eliminar y e’Ifort of man-

ual l y reading analog stri p charts in t h e  f it ’ld with a more complete

evaluation at ter the’ field part v had re’ t urne’d o home’ stat ions and

telemetry tapes were’ proe ’e’sse’d th rough t h e ’  rout  Inc dat a systems.

These systems suffered from the’ handicap th at th~ In—f icl d stri p

chart examination could nor be thorough e’ne’ugh t o prov ide the suf-

ficient Input to program managers and scient ists. The comp letion of

the second phase’ ne’e’t’ssar i ly Involve’s a del av of st’ve’r:I 1 months in

getting mat erial Into presentable’ form . This report details the de-

velopmen t of a field—por tab i sYstem for int erf ac ing the ’ output of

a rocket telemetr y data acqu isition system t o  mie’roproce’ssor—hased grap h i cs

system for processing and p lot t ing t he’ rvsii Its soon aft or the re°ket

• flights so they can he quickl y made availabl e to interested scientists

and managers.

The quick—look data system is based on a Te,ktronixR 405 1 Graph ics

System along with a 4662 Intera ctiv e Di gital Plotter , a 4924 Digital

Cartridge Tape Dr I ye and a 46 11 Ha i-d Copy Un it - A ppend i x A con t a lus

a general description of the 4051 Gr aph i cs System and these peri pherals.

A block diagram of the system with Its peri pherals is shown in Fi gure 1.

The “051 has eno ugh calculating power to proce’ss and p lot the results ,

eithee on its Direct View Storage Tube (I)V ST) or on the 4662 Plotter ,

of most of the experimental instruments made 1-t v the Space Science

Laboratory providing the data f rom these i n s t ru m e n t s  can he s tored and

then fed into the 4051. Since a mass storage capabil i t y Is often

required for this data logging function , the 4924 D ig it a l Cartrid ge

Tape Drive , which can he operiite’d in an “on line ” mode with the -~O~~l

or in a “stand alone” mode , is ideal lv sni ted to these requirements.

The remaining obstacle and the major thrust of the’ ef Lo rt reported

here was the developmen t of the interface’ from the telemetr y ground

station to the 4924. Generally , the lnterfae’e must he capable of

transferring either ana log or digital data from the telemetry ground

station to the 4924 In  a standard forma t along with the data for

time determination . The following are t he’ li ’ta ile d requirements



• TELEMETRY
(;ROUNT) STATION

I R I  C
DATA Time Cod e

U L  
_ _

4631

INT ER FA CE Ha rd
Cop : er

4924 4051L ~ __ 
Graphics 

Plotter

Figure  1. Block Diagram of C o m p l e t e  T e l e m e t r y  Logging  and
Process ing System
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of the  i n t e r f a c e  system :

Primary Requirements

(1) CompatIble’ wIth the 4051 Graphics System via
the CPI B 1 4924 l)i gi ta l Cartridge’ Tape Drive .

• (2) Capable of logg ing from one to ei gh t channel s*
• 

‘ of analog da ta  f rom the t e l emet ry  ground s t a t i o n
(at i n p u t  l evels r a n g i n g  f rom I v o l t  to 15 v o l t s
adjusted to an acceptable range for the analog—
t o — d i g i t a l  conve r to r )  a t  a c o n s t a n t  r a te *,
formatted with data for time determination from

• the s t anda rd  TRiG 2 time code’s aval i~-ibl e at the
launch ranges.

H
(3) Capabl e of logging a single serial di gital data

channe l from the telemetry ground station with the
i n t e r f a c e  s e l l — s y n c h r o n i z i n g  to the  sync word* and
the data frame*.

(4) Field operational with a 117 volt , 60 Hz power source,

(5) Rack mountab l e’.

Secondary Requirement s

• (I) Simp le for the  user to both understand and
• o pe ra t e .

(2) High input impedance to the interface with input
p r o t e c t  ion in the in t e r f a c e .  (The in p u t  p r o t e c t  ion
is both for device protection and cross—talk
p r o t e c t i o n  due to the CMOS circuitry.)

Ic order for the 4051 to have meaningful data to work with , the’

• interface transfers data to the 4924 at a constan t rate with time

determining da ta  t h a t  inc ludes  the TRIG time code at the first of the

tape and spec ia l  mark by tes  t h roughou t  the t ape .  By so do i ng , the

time of a particular data byte can be determined and c o o r d i n a t e d  t o

the trajectory plot (also calculated by the 405 1) to f i n d  correspon-

ding altitude for the  da t a  b y t e .  Programs w r i t t e n  on t h e  4051 process

the data and plot the results on the DVST or the 4662.

‘General Pu rpose I n t e r f a c e  Bu s— -- St an d ar d  bus s t r u c t u r e  f o r  t he  605 1 ,
4662 and 4924. Svt ’ A p p e n d i x  B.

2 Inter—Rang e I n s t r u m en t a t i o n  Gr oup—— Group that defines standard for
i n s t r u m e n t a t i o n  si g n a ls .  For t i m e  code s tandard , se’e’ A p p e n d i x  C.

*Implies parameters  t h a t  i t i s t  be’ u s e r — s e l e c t ab l e ’  f rom the  f r o n t  p a n e l .

A
II - -- - - 

_ _ _ _ _ _ _  

-~ - .
~~~~~~~~~-—_____ -~~—~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ —•— — —*  
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4

Using this process , a versatile and valuable quick—look data

acquisition and processing system is formed .

The thrust of this report Is to present the design concept of

the interface system . The system is relatively unique in the sense

that instead of the traditional single system controller , it contains

a main system controller with several subeontrollers to perform

operations for the main controller much the same way as a software
subrout ine performs a task for the main program routine . This

technique , called the controller—subcontro l ler design concept , is

discussed and illustrated -in detail.

• _ _
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case and whether the external device Is a shift register , or a counter

or any other MSI or LSI device makes l i ttle difference . The poin t is

that the operation of the main system controller Is greatly simplified

by using the inherent functions of a device , external to the controller 1

to accomplish a task, while the main controller uses a minimum of its

own capabilities to cause the’ task to be accomplished.

Now , if the externa l dev i ce Is considered to he a controller in and

of Itself , which in all actuality a shift register or counter Is , the

concept is easily expanded from a sing le integrated circui t to multiple

integrated circuits configured to perform a special function required

by the system con t roller. The s i t u a t i o n  s t i l l  exists where the main

system controller causes another device or device configuration to

execute a function inherent to the confi guration ’s operation In order

to accomplish part of a system level operation . Be I ng subservient

to the main controller , this configuration Is more appropriately called

a subcontroller.

At this point a comparison can he drawn between a software sub-

routine and the suhcontrol ler concept. In a software routine , If a short

routine is required for conservation of memory or multi p le usage, i t  i s

made into a subroutine . Tb -i s subroutine can then be used or called

several times without being rewri t ten into the program each time’ It

is used. A method exists to exit the main routine , use the subroutine ,

and then return to the location In the ’ main routine where the exit

was made . The subcon tro l ler concept Is basically the same Idea .  The

aubcontrolle r is set up to perform a task for the main controller.

The ma in contro l ler has the sh i l l  t v  to use the suheontrohler to

accomplish a particular task. M u l t i p le usage of the subcontroller is

also possible .

The subcontroller concept differs from the subroutine concept in

tha t the main controller does not exit Its norma l execution pa th to

use the subcontro ller ’s function as does the software routine to

execute a subroutine. Instead , four schemes exis t to interface the

main controller and the subcontrolle r:

(1) Handshake (closed loop)

(2) Initi a tIon (open loop)

(3) Moni tor

(4) Transfer  of contro l
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To this author ’s knowledge these’ four Interfacing schemes have not
been established previous ly by other authors and therefore will now

be defined.

• Handshake

Basically the handshake is a closed ioop scheme In which the main

controller  issues a signal to the subcontroller  to beg in execut ion of

its routine . The main controller then waits for the subcon trol ler to

return a signal as an ind ica t ion  to the main con t ro l l e r  tha t  the
subcontroller has completed I t s  ope ra tion . The main  control ler  then

continues i ts operation . More complex handshake schemes exist , but
are based on the same princi ple .

In i t ia t ion

The initiation Is an open loop scheme In which the ma in con trol ler
• issues a signal to the subcontroller to beg-in the subcontroller ’s

routine. The main  controller then continues Its operation transparent to

what the subcontroller is doing . There is no provision for the

subeontroller to send a pulse to the main controller. Thus, it is

an open loop scheme,

Mon ito r

The moni tor  scheme is similar to the handshake scheme in  t ha t  i t  Is

a clo~.~ d loop scheme and the main  controller  i n i t i a t e s  the subcontro l—

ler ’s operation . Howeve r , the  main controller cont inues  it s  o p e r a t i o n

withou t wai t ing  for  a return sI gn~ l from the subcontro l ler .  Should

a return signa l occur , the con t ro l l e r  takes the a p p r o p r i at e  ac t ion .

This scheme is usually employed to “wa tch ” or moni tor the opera t ion of

a circuit , such as data synchronizatIon , and thus derives Its name .

Transfer of Control

The f u nction of the t ransfer  of control scheme is s e l f — e v i d e n t

from its name. That ~s, the main controller relinquishes control of the

system to the subcontrolier. Control Is usually not returned to the

main control ler .  This type of scheme is used at a place In the

- ‘  •~~~•~~~~~rn 

-
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ma in centre I ‘icr ’ a rout t nt’ wht’ re I t has comp i’d a l l  lune t I ens

required of the sy s tem other  t han the funet ions involved  in the

subcon t ro l ter ’s r ou t in e .

I)e’sign Concep t Sumaa ry

The con t r o l l e r — s u h c o n t r o t l e r  ele ’sign concept is based o~ the

idea t ha t  au h c o nt r o l l er s  can be used w i t i t  a ma in sy stem e’c’n t r o lu t ’r  in
much the same way ~ts subroutines are used in s o ft w a r e  r o u t i n e ’s.

f l i f f e r e n t  schemes are a v a i l a bl e  to interface the m a I n  system controller

to the subcon t rel te r , giving greater fte’xihil t tv to the’ designer.

The speed of the’ system may hi’ In creased by allowing more’ than one

func t  ton to be’ perform.’d at the’ same t inc . The design concept alsem

s imp lifie s the system both in des i gn and In hardware complexity .

A system can he built In suheen t re  t i e r  sections , and add I t  ions to t h e

system can he facilitated. These advantages are increased even mere

I f  there  is m u l t i p l e .  cisagi ’ of a suheon t ro l  Icr ’s f u n c t i o n  by t he  m a i n

controller.

Using this design concept It is importan t to et ear l”~’ establ ish  the’

handshake scheme t h a t  is  to ht~ used to  in t e r f a c e  the  m a i n  sy stem

con t rol  te ’r to the  suhecu troll ct- s. If I his Is dent’ elur I ng t he I nit i.ml

des (gu phase and foil owed t brough . In t e’r I at’ i ng o I t he con t r o l l e r  and
• suheontreller(s) can h~’ done’ with minima l d ill hcult ~’.



GEN i~J~Ai.  S~~S I I ~~I l I N t ’ I ! i t N \ I  i t i ”~- ’R i P’i’ i~~N

Fit Is c’hat’ ti ’t ptt ~v i d i ’s ,i ge’net~t i tun1 - I I oii.t I t’VerV I ew ot the svs—

tern . liii’ I no c t ion i’ I the m.t I i i  vs t .rn con t roLl i’r and t ’ . i, ’ it s uhce n—

t r ot  l et -  are’ ii~ rocitit - i’d. Thts ‘hap t ci a iso I lust r i t e s  (tie’ t nte iae t b i t

ot’ the ma In sv t i’m con t ro I I el  ,mel ;uhe ’out roller s

Svst i’m iou t rot it ’ i .tn~i Suhe -otit i t’l h i s —  F u t t t  1 I ~‘ua I e)v1 ’rv I cv

Is I tig t he prey  I ous l v  lIi ’Sl r I b1’d tIi ’~ u gu c -oIt~’e’p t and (hi ’  svs t ent

requ I ret~ ’n t s • t h1’ t cut c t tonal pa i t i t lout , shown but i” i gui- c .‘i , was

es t ab  I i  sht’tI t ot th e ’ uut t e r f h- ,’ to t tie -i ’~ .‘-~ I I I  ~ I t a I t a i l  r I d ge Tap e ’

i) r ly e ’ . The svs tern is eernp i t  -ed o I a m,t i i i  s vs t t’rn coot ro i i t ’r and t h re e ’

suhcont roi l e ’ts : (tie ’ ~ PI h i ,ittds li.cke ’ seit ’ c’ont u ol icr • (iii ’ lR  IC I tine ’ code

cIe • t ’t ’ci~’i :t ut ,I se ihc i ’n t t o !  t~’t , . l l i t t  t h1’ c i t  t~ ((a ~L i t . t  ;tuh ,, ’ut i t ’  I let

Ma in System Con t roll -

The’ m a i n  sv St  em con t i t ’ I i~’ r i t t  e’ ip i t ’ t set t I ugs I rent the front pane’ I

anti ,i~-cord I og 1 v • ~ ot t  t to is t lie ep~’r a I ten ot I lit ’ svs I em. Wht ’n . t  I unc I I ott

of  O ft ’ 01  t ile ’ sub1’on t tel I e ’t s I s  Ice l i t I it’d • t h e  ma in contr oller e t s e ’s

one ot the ’ I 0111 handshake’ s c’hi’rne’s tie ’S ci- I he ’d I n  t ’ hap t t ’ r ‘i’ve t 0 .uv .ii I

I !  Se ’ LI of th e ’ subcon t u. ’l I, ’i ‘s lintel io n . i’h i Is i l l  ust i.u t e ’d i n  t l t t ’

Cent t ‘i FL ow It Lug tam in Ft gu r~’ S . The ana l oe~ ,i.t 1 a lout l i lt ’ I s I ut t’gt- a t i’d

itito liii ’ ma In system t ’l tii t t’e ’l icr Ine ’i’ p . u r t  el t h e  ati.u h’~ rout b i t t ’ i s

also pai l ot (itt’ ma in t ’OU tie Lie t’ ‘ rout I ite . The ’ un.u I t~~g Wit a i-out I itt ’

mu I t  I p te xt ’s I roin OUt’ I o e’ I g u t  c l i , inui1 ’ i s  (a: . set  on t he I t’ c ’t l t  p ine I )

ot  analog d . c  t .i at a c oltS t ant rate ~a I so s e t  , ‘t~ I hu t ’ I rent p Int ’1 I o t

i-a t c’s o I ‘~~ wher e ’ n — 1 re t  Ii or I to ~~~~ s,um’ I es pe ’ t

it ret~~h a samp ii ’ and ito lii .tmp l i t  I i ’ r and an ,ui ta  I ~~~~ I l~~~~ll I ~ i t . u I  ~.-\ /
convertor to t h e  CPI  hi .

An a l og c I , t t . e  I s  I o rmat  t 1’d w i t  ii t h i - ce it tn,irv by t t ’~~ ot th e ’ t tnt’ cede

at t h e  f i r st o t~ t tie t t i e ’ (lieu is • in I nu t  c’s , .titel si ’ conds ‘~ • ,u mark it V t  e’

.‘40 I n  h i  na i v)  , and t hen I h i ’ d i git I ‘i ’d , I I ta leg Wet a wi t ii a mark by t i ’

i t  l e t  ,‘vei v . 10 !~v ti ’,; o t ,t , it ,,
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(~ }t LB h and shak e’ Sub con t r e l i c ’  r

The GP I B handshake’ suhcont re’LLer transfers data in B—hit bytes

over the ~PlB to the 4924 i )igit a i Cartridge ’ Tape Drive . Tilts data

can be produced by the IRIC time’ decoder , ana log rou t In c  • d i g i t a l

data subcon trolle r , or the main con t roller.

IR 1C 1’ I me’ Codt~ Decode ’ r and Suheort  t r~ t i e r

The T R I G  t ime  cod e’ decoder r e c e i ve s  the  I R I C  t ime’ code in

forma t B (Append ix  B) in  e i t h e r  s i n u s o i d a l  pulse ’  w i d t h  modula ted  (PWM )

or a detected pulse width modulated format , decodes it into hours ,

minutes, and second s, ,-mei stort’s thi s in a l at c h .  T h i s  i n fo r m a t i o n  i s

updated each second and is available to the GPTB witen t l t e  I R I C  t i m e ’

code su h c o nt r o l l er  i s  activated by t h e ’ m a in  c o n t r o l le r .

Di~~~çal Data Subcontrel le’r

The d i g i t a l  data suhe’oit t r o l l er  i s  comprised of the synchronized

( sync )  d e t e c t o r  and tit e’ ma in d ig i Ut 1 data suhcon t r el  Icr .  The two

i n ter f a c t ’  in .1 m o n i t o r  scheme’. The S V f l c ’ de’ t e’(’tor si gnals the’ main

dIgit al data suheontro I icr  when the SYNC word and dat a frame houndri c’s,

both selec ted on tite’ front pane ’ i • are equIvalen t to (tie corresponding

pa ramete r s of t he  Incoming serf :u I ii ig  I t  a I d a t a .  T h e ’ ma in d i g i t a l

da ta  suhcontrol  le’r t r a n s f e r s  the ’ dat  :i to the CP1 B v i a  t h e ’ GPIB

h andshake  suhcontro l Icr. Digital d a t a  is f or m a t t e d  with three’

b i n a r y  b y fe’s o t~ th e ’  t i m e  codt ’ , .i m ark  b y t e ’ (240 in  h i  iiarv ’h • and then

d i g i t  a I d a t a  i s  logge d on to the  tape’ 8 b I t s  a t  a t i m e ’ (p rowl  iled the

syn c d e t ect o r  Is svncit r on  i ~‘ee I ’t w i t  hi a .~S 3 it m ary mark by t e  eve ’rv fou r

seconds . The 2 5 3  mark hvt e’ is r ecorded ind epe n dent  of the  svnchre—

n i z a t t o n  de’t e ’ct e r si gna l  so t h a t  ((nit ’ d e t e r m i nat i o n  Is  possible.

(~ttfltm(’Iit S

• In :ull Inst~tn ce’s, t i te’ tape In t i l t ’  4 Q ’ ,~ 1) 1g b  t a l  C a r t r i d g e  Tape

Drive Inn s t con t a in p re ’—marke ’d I i It ’s w i t  ii , eli’q eta t e’ file ’ s p.u cc’ t o  st  o re’
the data. Dat a is t rans icr red tb rough the h i t  er fat - c’ tint 11 the tape’

reache’s th e ’ end of t h e  c u r r e n t  d a t , e  f i l e ’ ,

- — ~~—~~-~~~~~~—-— -



i)ETAI LED CONTR OLL E R .\N1) SIIBCUNTROI.I.ER DESCR I P’I’IONS

The m a i n  sVst&’In c o n t r o l l e r  I s  desi gned to in e ’o r p o r : tt  e t he  a n a l o g  d a t a

r o u t i n e . The’ GP I B handshake’ snbce’it t r e l i  r , I R IC t t r ~c’ code’ decoder and

subcont roller , and di g i t  a 1 da t a  subcon t rol 1cr ar e- d e s i g n e d  to i n t e r —

face to the main system c- o u t  ro t  i c r  by us l u g  one’ of t h e ’ four schemes

introduced in the t)e’s(gn Concept. The d e t a i  Is  of t h e ’ m a i n  sy s t e m

control icr , each su h c o nt  r o l le r  • and i n t e r f a c i n g  ar t ’ c~ p lathed  in t iii s

chapter. The detailed functiona l part it ion of tile’ system i s  shown

In Figure 6.

Main  S\ ’ste ’m C o n t r o l l e r

Tue main system e’ont r oi it ’r interpre t s the front panel settings

rela t i ye to i t  s op e ’r a t i sit and accordingl y , a c t i vat c’s the’ necessary

subcontro l l er s .  The’ two f r o n t  panel  s e t t i n g s  t h a t  affect the main

system controller are th e pushbutton time code’ switch with w h i c h  the

user initiates the data loggiug operation of the system , and the

rotary swi tchi to select the dig i al data channel or rteunber of analog

data channels.

Detailed Operational Descrjpjion

The’ f low cha r t  in F i g u r e  7 descr ibes  the operation of the main

syste~., controller. The con t roller is initialized to sta te “a”

with either a power—up reset or an ex te rna l  r e set .  I t  w a i t s  in  t h i s

state for the time code swi tchi to he pushed and then  e n t e r s  s t a t- c

“h”. In stat e “b” the control icr causes three  byte s  of t lie TRIG

t ime code (hours , minu tes , and seconds) used fo r  t im e  d e t e r m i n a t  ion ,

to be transferred to the 4Q24 Digit a l Cartridge lapt’ Drive by using

a handshake interface scheme to the TRIG time’ code suhcontrolier.

The subcontrollcr then uses an initiation scheme to interface to the

CP~ B handshake subcontroller. The dig ital time code is selected on

the output mult i pl exer and the data t ransfer Is initialized with

H.S. ENABLE be ing set and a pulse from the sample clock to the GPTB

handshake suhcon troller . When the titre’t’ byte’s are recorded , the TRIG

JI
--
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LEGEND 17
T . C . S . :  Time Code S w i t c h
F1.S. EN.: Handshake Enable
STATUS M1JX : S t a t u s  M u l t i pl e x e r
OUT MIJ X TO TM.:  O u t p u t  - I t i l t i p lexer selects time

code.
OUT MUX TO MK.: Output Multip lexer sel ect s mark

byte.
OUTMUX TO ALG : Output Multi p lexer selects dig itized

ana log  d a t a .
st “A ”: state A of GPIB Handshake subcontroller.

yEs st “1)”: state D of CPTB Handshake subcontroller .
BYTE CNTR : Data Byte counter .

- G.M. CNTR : Commutator counter.
G . M .  S e t t i n g : Commuta to r  equa l s  f r o n t  panel

OUT TO Y M
s e t t i n g .

* 
ANALOG : Front panel analog channel switch .

‘-a
,

~si ~v TE CN7S
OVj1 MU~V T O M~

N ,

Cd )

a
N 

•~“a ’ YES

NO ANALOG

I.)
SET (ci

DIGItAL OUT
AST CM. GdTP

NO -- YES
c’ 

~ 
YES

(I)

N ,, .~
. YES N,~~~~~~~~, YES

),) ( I )
INC SYTI CNTR J

NC CM CNTI’J

—

~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~ 
~~ NO ~~~~~~~

Figure 7. Main System Controller: Flow Chart
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t t ine code suhcon t ro 1 1 e’r rest’ t s ‘I’ . C. SW I TCL1 . W i t  hi t l i t J~ handshake

return sIgnal and sta te’ ‘‘A ” tlu ma in  coitt rol icr advaitce ’ s t o  state’

( Ha s I en liv state ’ ‘‘A ’’ is a st a t e ’ of the’ CP I H handshake ’ suh~
coot roll e’r wh I cli si gnl f i t ’ s  t lot t t h e’ dat a has been received by the

GP Iii device ’. St u t e ’  “D ’’ is  a stat e ci th~’ snifl e’ suh cont  rot 1cr w h i c h

signifies tlta t i t  I s  r- t’adv to traits ft’r t he’ ne’xt data by t e’ , ) In

st a t e  “c” a mark byte , e’qua 1 to !40 li t b I ita rv , Is  se’ l e t ’ ted oct the

output m u l t i p le ’xer. Tit i s  mark  bvt ’ Is used to indic ate ’ the ’ start

of the data on the’ tape’ ~iie1 Is used li re tughout  the aria log rout Inc to

aid in t ime’ detenu m a t  b i t  and as - ‘ bench m a r k  t o  Increase’ t lie ’ da t a

~
‘ recess I ug speed. The’ G1’l 11 liattdsturkt’ suhcon troll e’ r i s  st 111 func—

t toning (ft was In It In ted in S tat e ’ “h ”) and lie’ mark by t e’ is transferred

on the next  pulse’ f rem t lie’ samp le’ clock. WI th i t he’ GPI B hand sitake

suht ’on t rd her  In  Stat e ’ “I)” the’ ma i t t  ~ys tern coot  ro I 1cr move’s to state

“d ’’ where It d c - c l  dc’s w h et h e r  to e ’xecu te  t he analog data routine

( s t a t e s  ‘‘ Ii ’’ , ‘‘ I ’’ , ‘‘ i ’’ , ‘‘1 ’’ , anti ‘‘k ’’’ or to t r a ns f e r  sys tem c o n t r o l

to the  d i g i t a l  suh c ’ori t  rol  le ’ r ( s t  at  c ’S “t”, “f” , and “g”) • A f t e r

t h i s  St a t e , t h e ’  main system contro l ie~r t s f u nc t i o n s  have ’ been completed

and in a se’nsc’ t h i i s  i s  t ho ’ c ’it el of t he’ rit a In cent  r o l l  e” r ’ s ope ra tion  as

a main contro l her. In other words , if system coot rd Is transft’rred

to the d i g i t a l  data su h c on t r o l l e r , the ’ m a i n  controller remains in

the di g i t a l  loop (state’s “e’ ’’ , “f ’ ’  , and “g”) tint i t  tite svs t em is  rese t .

However , a f t e r  h a v i n g  i n i t i a l l y  en te red  t n t c ’  s t a t e ’ ‘ c”, the  ma in

contro l icr ’ s operation is  t ranspa rent o the d I g i t a l  d a t a  subcont rol ler ’s

opera t ion .itid V ice’ versa tin t i i  a svs t ern re’se t occurs, On the other

hand , i f  t he’ ann hog dat  Ji  rout ( lie ’ ( H  e ’x ecut  eel , part of the ma in  svs tern

con t ro l  le ’r ’ s ope’rat ie ’tn, naine’lv si . it  c’s “a ” and “d ’’, are’ used In forma t —

t I ng the ’ ann log dat  a w I th a mark by t e . En t hi  s case’ • even thetugli

part of the ma in cent  ro l ie’ r’ s I uric ’ t I ens ltavt ’ l’ c’e ’It conip 1 e’ ted, o n l y

t lie analog data ron tint’ Is he’ (ng pe’ rio nue’d . W I t Ii e’ I t her  type  of ‘

d a t a , the  m a in  sv s te ’m c o ntro l Ie’r has no p a r t  In  t h e ’  o p e r a t i o n  functioning

as the main contro l her.

E mp l em e n t at  Ion

The ’ imp I eme’n t u i  cii for flit’ ma i n  c’ont t e l  le ’ r is shown w i t h  t h a t

of the ’ Ann log Dii t a to c it bite ’ .

_____ ______ -•  --— - . • ~~~~~~~-— ~~~~~ - — ——-~-- - - •~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~
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• \ i i _ c  1 ecg I ia t a R o u t  l i l t ’

( t i e ’ acid log ~i c t .t l o u t  (tie’ IS I L i c e ’  I ( ‘ c I t _ c t  e ’el ( c i t e  C t i c  iri ~~ l i i  svs t ecu

t e IUt  r o t  h e r ’ s rou t  i fle’. ‘(‘hi n t I s . t he’ t o t  tua t C 1IiI ,~ ( I _ i t t  c i t  t h e ’  r ou t  lil t ’

is done In  t I l e ’ run in c Oil t ret I I t ’ r ‘ s r ecu l i c e  wit  I h e ’ t t i e’  aua  I C Ig dat a I egg i

capab I l i t  v I s  c c l i i  t at  ned t i c  an ‘x i  etis ion o I C hi t S t act  ( U  e c i i  t r o l l e r  ‘s

rout l ilt’ . Some’ aria Log c I c’cu i t  rv is  r e -c l c c i  i t’d t c ’  ad us t t l i t ’ I cicom I icg

analog s (g o a l ( s)  to a range’ C l i n t  e dci ht ’ ( t a c i t !  Ic - e l  l iv t I l e ’ c ’ t t I e ’F c i t e - u i  C I V

cit t h e’ ~~‘steiti .

Opt-rat tona l t~vc rv iew

In orelec to ret-or e! d a t _ c  , t t  , i  e ’ c ’ t c s t  ali t r i t e ’ , as I S  t e ’c~tc i r e e I  l o t

the sv st  em , a samti he ca t t ’ c loc k i ti~~e -t i  t o  I ti d ( ret ’ t I v  p _ i c c -  t t i e  aii~i I c ’g

rout ( l i e ’ . ( l i t c l ~~~’k c ’ I i t t  t o t s  t h e ’ Sc iL ( i ( ’  I , ’ m id ( c c l  id  l i l t  i ’d; ! a t  e~J c t I c ’ci l t

and the ’  u o c h s ’e, t e l - cllc ~ i t  ~~i t \ i l ) )  , - c ic c v t ’ r t o l  w h i t - h i i i  t i c r u  c a u s e ’s t ( i t ’

Cl’ (I t  hanclsh~tk~’ stib~~’ii t i e l  ( c i  (0  I ( aW-J i t i  t (It ’ c t , I t  1 t o t h~’ i t) _~~i D I g l t , i l

&‘a c t r (etge 1 1 t ( v e ’ , ( ‘I b i s  t~ st i c i W l i  L i t  e ’’ w i t h  t ile’ C t ’ t I  t i i flliie ’• cl i 1 t 1 c i cfl

In  I” l gecre ’ lt i . ) ‘l ’hie ’ a’c .ii ha lit e ’ s.tn4’ l~’ c- ’ l , l~’k taCes a re  1 U~~, -
‘ Hz , -c ( t i ,

8 Hz , itt liz , L’ l iz , b ”i lL’~, L’S hl ~~, ‘ci h l I z , c i l~ IL’, l ( L’ -+ I t ’ , an d

_‘045 lI z  (~~hi e ’t i  Id  o u t  v be’ t iS t ’cI I c i i  hic ’r I t I I c ’S ~ ~ I ~ H a i t ( ~l I t ’S , ‘I ’tie ’

ann l og c L i t a  re ’ect  tue I t ,st ’ i f  i s  ( 1 5  [ c , i I  l v  a I ,l rcud t C l u g  r~itI t its ’ C,’ t I c ’, ; t -

ope i-a t  lent i s  ~i~’p~’neheci t cci t ice opc r a t  i ou o t C lie ’ (:1, 1 (1 hicititish iak e’ stit’-

c Oil t ro h  h e r .  In thi s i~’av t Ii , ’ satiip I t  i _ i t , ’ c’ h o c -k I ci e t i t c - ct Iv sa t e ’s

t h i s  roect (lie’ . ~\ t  l e t  e t c  Li ci 1e i t I I’(’It ana l og cl , it , i h i v t  e’ t i , c ’ ’ l~~’ i—u I e s o t

C 1- c - -a lc ’g e L i t a  l efli t ti le He ’ L t ’ c ’ t t h i t ’ cie’ x t ~iu ~i i e i g  c ’ h i a n cte ’ 1 t~~
- (a t ht ’ c O fli

m u t a t o r ’  count1 ’ t  ~t
’.’t. c e t e i c i t e - r )  ‘I t l i n t  i s  C c l be’ sj nip I t - cl a nt i  eI g i l  i ze ’J .

I t  a l so  I n c  rt ’mect t s t he ’ by t e c cclii  t c i .  Wht ’n t lie’ - 
- e ’ t i c ui t e’ I ( S  ~tl ~~ I

to t he set t I ng on the ’  I l o u t (‘~ f li e ’ I sw t ~‘h used C e ’  S c ’ I t ’ c ’ t t l i t ’ ci ce ccib e t

c i l  analog dt’v I c e ’S , C t ie ’ e’ c idf l i  I e ’t  I S t ’ c ’ Sc ’ t ,~cich I l ie ’ S_ii i q ’  I tug sc ’~~ e I e c i ~

start s a g ain .  At  tc ’r _‘ i( )  dat e h~- t ~ ’s a c e ’ t e ’ec ’c d t ’c ( , ( tie ’ c n , u c k  bvt~ (~~~- i t\ ’t

is  recorded , t h i t ’ Li v t e ’ ccciii t t’ c’ a n t i  t h e ’ C.  ~t . c o u r t  C e ’ t  c t  ,‘ t e S t  C , ( t i c

r o u t  ( c i i ’ i t ’ t I i t ’ i iS  t e l rec -ot c l i n g  ci (~ i t  b ( t e l  J I ) i , i  I c ’ 5  c h a t  a .  1’W~’ ii t c n c t r e -d t cit

was chose-u l ’ e ’c atcse ’ an cut I t e ’ s t ’ t i c i e ’ I i e  e ’ o t  1 , ‘ , I , ~~~
, C’, e l i  / c hidci t i e ’  1- ~

c ’ an he’ rt’e’ei Fcl etl he Ic re’ .i mac k by t t ’ Is re’e’o relt’et , I i i  I ‘J ‘ t O e  ( ‘55 c ’ c ’fl t I ( ( t i e ’ S

nu t Ii t lie end c i t  Chic’ c -eii r e ’ i i t ape ’ t l i e ’ on lie ’ ‘ol ,‘-, is  r e ’ , i c h ie ’d 

•~~~~~~ •~~~~~~~~ 
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Analog Data Input Control and Regulation

An important prerequisite to transferring the ana log data is the

setting of the input signal(s) to standard amplitude l imits for

scaling and control of the digitized numerical value . The lowest and

highest amplitudes of the ana log signal must be adjusted to levels that

are within the range of the analog— to—di gi tal  convertor (0,00 volts

to + 10.0 volts) .  The digitized data must be compatible with the 4924

and the 4051. I t  Is also desirable to keep the binary value of the

digitized data well below the mark byte (250 in binary ) so that the

integri ty of this time determining data is preserved. The voltage

equivalent of binary 240 is 9.38 volts. It was determined that little

resolution is lost if the upper binary limit is set at 210 or a voltage

equivalent of 8.20 volts. The lower binary limi t is set at 0 with its
voltage equivalent equal to 0.00 volts.

Data from the telemetry ground station enters the interface as

an a.c. signal with no offset. The upper and lower limits vary with

the site location and discriminator levels. Typical ranges for these

signals are anywhere from ±1 volt to ±10 volts. The data from some

telemetry ground stations Is also inverted. Therefore, the analog

gain and offset controls of the system must have sufficient range to

allow the user to adjust the input signal of these ranges to a

lower limit of 0.00 volts and an upper limit of 8.20 volts with an

option to invert the data.

The incoming analog signal(s) must also be regulated so as not

to exceed the power supply of the CMOS analog conunutator , The signal(s)

should also be curren t regulated to decrease the cross—talk in the corn—

mutator. A circuit that fulfills all of these criteria for the analog

gain and offset circuit is shown in Figure 8. The circuit can be

adjusted to the proper output value of 0.00 volts to 8.2 volts for an

input of ±0,50 volts to ‘15.00 volts.

Detailed Operational Description

Explaining the operation of the analog data routine in more detail ,

the sample rate clock strobes the samp le and hold integrated circuit

with a short pulse from a monostable multi—vibrator and initiates the

_ _ _  —
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conversion ot t h e  . i i i ~ c l o g — t o — d I g i t  i i i  ( A / h i )  cc’nvt ’ tie r W ( ( h i  C Ice STR0~~E pu lse ’ .

‘L’hie’ rIsIng edge ci S’l ’ROII K Et ’St’  Cs t lie’ e ’cI:t V i’ F CO r .triel t Ice ’ f a i l i n g  e’dgt’

stat- ts t hi ’ couve ’rs iou , ‘(‘lie ’ STA ’IiJS l I n e ’  of Chic ’  A/I ) e’t~iiv er C cii’ got’s

high w I tt~ th e’ r Is I rig edge’ c 1 C h i t ’ S’l’R t~RE p en i  se and re- i U m s  I ow wh i c ’n C h i c ’

conve rat eici i s  t (ci i ~ht ’d about  10 ~i t-te ’e- onicls I _ i t t ’ r . l ’hi I s h i  g hc — C ci— I ow

tr an s I t ion  Is used i ci nit ( t i l t  i n  I t ’ri se - h ie ’mt ’ to h it  e’ rf act’ t e) Chit ’ CI’! H

handshake ’ c-ou t  r e l i c ’  r wh i t i’h i t t’~tnsf e’i’S the ’  d i g i t  I i c c t  nun log et a C a  t o  C lie ’

4924.  ‘I’hie’ i na log ro ut l i i i ’  We’ll I t e i r s  s t a t  OH ‘‘A ’’ a ri d ‘‘ hi ’’ wh en C hic’ 4924
is not at - e l - l it  I ng any data. t:.~ - h i C I nut’ ta’ CP T hI Ic.cndshuake’ suhiccint cci I lc’ r

got— s from si a It’ “I)’’ ci st .it e “ -\ “ .i cia C a liv t ~- has be- en r e t ’ erdc’d and

the analog rout  Inc  lncre’nie’n t s C ite’ con~~utato r c-e~un t e’r ar id t lie ’ b y t e ’

Cotril te’ r . As stiowii in  the ’ I low c h a r t  I n  F’ I gil re’ 8 , s t  a C e ‘‘hi ’’ c i i  th e

analog rout (t i c ’  c auses t h e ou t p u t  mu I t  I p)e’xt’r to i-i t’ l e t  t t h e  t l i  g i t  I ze’d

t i f li l  log dti t a .u l i d  i t ’ Sc’ t i - i the ,’ c olum u tat or c ounCe’ r t o  Ze’ Fe ’ . h t  wa i t  s i n

t h i s  s t~ i C e ’ te ir Chit ’ Cl’i it hi :indshiakc’ StihOt’(i Cc cii le’ t’ I c’ cut e’l’ st ,c I e ‘‘I)’’

and the’n move’s to s t a t e ’  ‘‘ I ’’ . In St at e ’ ‘‘ I ” t itt ’ c- c’ect I nc’ w ,i I t s  f o r  the ’

suhcon troll e’r to en tc’r stat c’ ‘‘A ’’, sI gii I f v  I rig t ii~i t Chi c ’ “.~J .‘ -~ ‘u.ts rt’ce’ I vt’d

a data byte. In st a t e ’  ‘‘~~ ‘‘ lie’ e- c’nunu tat or c-oem Ce ’ F :ulei tile ’ liv C e ’ count e’r

are incremented . I I ~ tO cb i t  a by C c’s have ’ lic’e’n rt ’ e’c ir t teel , t ime ’ rout  m e ’
return s to s tate ’  ‘‘ c ” where ’ .i m a rk  by t e  I s  m’ t’c ’orele’d antI t lien t h u e ’  a nn  leig

rout Ine Is re— i ’ll Ce’ reel . If le’Si-i I ban 10 eLi I i i  liv t c’S have’ ls’e ’ii l e ’ c ’ e l t ’ cle ’ ei

the rout inc got’s Cci s t a t  c’ ‘‘ I ’’ . I ci C it I s  St  . 1 C c ’ t t t’  e’eittrniut a t  or e’eitiflt

I s  compared te t  Chic ’ numh)t’r c ’f an a l o g  data e’hta ricie’ Is Sc’t on (tic ’ front

panic ’ I - 11 t hey are equn I , t he’ r~ ut (lie’ me’ t u rns to stat e’ ‘‘h’ whit ’ te ’

the’ c, umuta tot (‘eiufl t I s rest ’ C t o  zero and l i c e ’ r ou t  I ne’ cent I nut’s. it

they are ’ not equal , the’ rout liii’ got’s to state’ ‘‘k’’ , w . t  i t s  I c i r  st  ,ite’

‘‘I)’’ , and then  r t ’t n c n s  to St  J i l t ’ ‘‘ I ’’ C c ’  c ’ c I u t  litt le’ Chi t ’  rout Inc. t i e ’ k e ’v

Co the ann le ig c out I tie’ is the’ men It or lug  ol’ t lie CP Ill lianilsicake sub—

contro l icr dnei sink (rig t h e chiJtc -tgt ’i-c in the’ commutator s el ec t  i t i r i  and d l c r t h i t i t

mu l t i p  Iexe’r tin lv he’twe’en stat ,‘s ‘‘ \ ‘‘ .icie h ‘‘0’’

T~~~~t~~en t a t (  
~~

F igure-s  C) mid hO show t h e Mnt’moci it ’ lit ’S i gna t eel S t a te  (111)5 ) d i  :ig ran

of the’ flow c-lia r t i n  E’ i gun ’ 7 , , u I cing wit hi t he’ st a te ’  ass I gnuut’nt map

and NRXT STAVE malts. ‘(‘lie’ t a t e cci I gruut ’i i t I made I or I) t I i  1i— f t  cips

eli-i  Cite’ at at e h i t ’ t e l l  r ig r ‘g i s t  t’ r’ . SI  ui e ’ e’ st at e’ ‘‘A ’’ , St :1 Cc ‘‘ii ’’, e lflt! C hic ’
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RESET

r,c.s,

c~ooooJ

~~ ~~. + [ .  ~.

SET H. S. EN.
0(00  RST STATUS MUX

OUT MUX TO TM, (O , I )

.?. “ D” T.C.S. ‘ it. “A” 
=

(c)o RST BYTE CNTR
0101

OUT MUX TO MK (0 ,0)
it, “A” it. “ D”

Cd) ..

_ _ _ _  
0 0 01

st , ”A ” ‘ANALOG st . ”A” ’ ANALOG
it ’ D” it , “0”

(.) o (h) *SET DIGITAL 0011 1001 
OUT MUX TO ALG ( I ,0)

RST C.M CNTR
it. “ D”-_____

it, “A” it. “ A”

(f)* (I)-..
00(0  11 0 1

C,, it. “ A”

(g)* — (J)..
____ 

BYT E CNTR • 2(0
011 0 ( II I

____ 
INC C,M. CNTR

N INC BYTE CNTR
BYTE CNTR.2 I0

(I)*
111 0

C. M,~~SETTING
it. ”ô11

it . ” 0”
- 1100

Fi gure 9. Main Sys tem Con t ro l l e r :  MDS Diagram
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STATE ASSIG NMENT
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01 d c I h

I i  • 0 J I

10 f g I 0

NEXT STATE MAPS

DA (N Sa) Da
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8
D~\ ~~~ JL J2 ~~~ 2~~ 2L ~~i
00 0 0 I I 00 TC- S I I 0

01 ~“ 0 I I 0 I 0 st .” D” I
~NA

I I  0 0~~~~~ I I I  0 I I 0

SET

Dc Do (LS B)

D\ 00 01 1 1  I D~ .22 2.L ..LL J2
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‘
~~~
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Maps
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t isie -‘edt ’ s w i t c h  are e s s e n t ia l l y  asvne’hiroii~ ua v a r i a b l e -s to  t h i s  con-

t r o l ler , a l l  NEXT S l A T E  a s s i g n men t s  a re ’  u n i t  d i s t a n c e  fros i  p resen t

staces that b r anch  off of t i i e ’s e’ variables. Also , w ith the’ except ieiit

of state “d’’ present state’s that branch off of these’ variables arc’

only concerned with one van ab it ’ f o r  t h e i r  branching . In state “d”

two variable’s determine the’ branch h u t  t h e ’  A IJALOC v ar i a b l e  Is set

before the opera t ion  b e g i n s .  I t  I s  t h e r e - fo r e  gua ran teed  to be stable’

and only one v a r i a b l e  e x i s t s  t h at  e . m m i  c-lange ’ . I t  has been d e t er m i n e d

that  any f la s h i n g  t h a t  max- occur  I n  the ’  o c m t p u t s  i s  not c r i t ic aL

From the next  st a t e ’  m,ips I t  e , t i i  he sec- u that due’ to the map—

entered v a r i a b l e’s and the ’ mu l  t Ip Ic loop I ngs t hint are’ ne ’e ’ css. trv to  cover

the maps, a mu l tip lexer imp lementati on of the’ next state decoder w i l l

simp lify the’ hardware’ requirements . The’ schematics for the main

c o n t r o l l e r  are ’ shown In  F i g u r~’s I i , 12 and 13.

GP III hi , t ~ ci~ h i ,t k e ’ Suhcon ire 11 or

The CPIB h and shake’ stchcontrolier is .i f o u r — s t a t e ’ m a c h i n e  desi gned

to Interface to the Ceneral Purpose interface’ Bus (CrIB) c~f t h e  4924

Digital Tape Recorder. Other controllers antI suhoontreillers cisc’ t he’

initiation sc’hieme to tnte ,’rtacv to this su h c e nt r e l ie r .  Users  of C h i t s

scheme assune’ t h i at the  C P I B  handshake’ suhcon t to! ler is  f a s t  enough

to t ransfe r  data to the 4924 at their fastest rate. The T ek t r on ix 1’

CPIB is an i i u p l c m er i t a t i e t n  of IEEE S tandard  488—1975 .  Th is  is an inter—

face ~tandard developed to de ’f l i t e ’ an iri t~’rconnect1on between device’s

which ~s Independent of the device, The standard is intended not

on ly for  use in the d c v i c~’s w i t h i n  one company , hut  al so  fo r  eonipata—

h i l t  Cv of dev Ice’s t h a t  are not  manu fn~-t u r e d  by the  same c’ompanv .

In  order  to i n t e r f a ce  to the’ 4 q24 cmlv the ’ three ’ h an dshake 1 inc’s

( DAy , NRFD , and NDAC ) and the e i g h t  p a ra l l e l  data  l i n t’s need he used

since th e 4924 has an tiff—line l ISTEN mode which =ilIei w s it to .lc ’ e’e’pt

data under contro l of the ’se three’ handshake line’s. For t he’ appli cation

in th is report , the in terfac ’ sy s t em  transmits data to the 4 924 .  T h e ’

intertace is therefore the’ lALKER and the 4924 is  the’ LISTENER .

Appendix B con ta ins  f l o w  chart s ari d ~i t i m i n g  d i a g r a m  I l i e c st r a t  in g  th e ’

ope r a t i n g  sequence ’ of the th ree  h a n dshake l i n e s .
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Detailed 0peratlon2 1 i)escnip~j on

The flow chart of the  GPI B handshake s u bc o nr r o l l e r  is shown In

Figure  14. The s u b c o n t r o lle r  is i n i t i a l i z e d  to s t a t e  ‘4 A ” by e i t her

a power—up reset or an external reset. In t h i s  state the DAV Flag

is reset. The Tektronix~ CPIB uses negative logic or asserted low

log ic so tha t when the DAV Flag is reset it is at the high voltage

state. With the exception of the initial time through this routine ,

state “A” i m p l i e s  tha t  the data h a s  been rece ived  by t he  CPIB

devic~-’ and changes can he made on the d a t a  bus . The s’rhcontroller

waits in this state until the CPIB device asse r t s  the  NiJAC l i n e  or in

other words the line goes to the  low voltage state. Wh en t h i s  occurs

the subcont ro l le r  goes to s t a te  “ B” where  the STATUS FLAG i s  r e se t .

STATU S FLAG i s  a flag that Is  set by e i t h e r  the  analog routine through

the sample ra te  clock , or the digital data suhcontroller and time

code subcont ro l le r  through the  DIGITAL READY s i g n a l .  I t  s i g n i f i e s

that the analog or digi tal data is ready to be recorded, The sub—

controller remains in this  s t a t e  u n t i l  the GPIB d e v i c e  deasserts

NRFD s ignif y ing i t is ready for data. The subcontroller proceeds to

state “C” to wai t  for  the  STATUS FLAG to be set by ano the r  suhcontroller .

When th i s  f l ag  is set , the subcontroller  advances to state “D” where

the DAV Flag is set to s ignal  the CPIB dev ice  t h a t  the  data  on the

bus is valid and ready to be recorded. When the d a t a  is accepted

by the CPIB device , th is  subcontrol ler  re tu rns  to s t a t e  “A” to  re—

exec”:e its routine . It should be noted that the suhcontroller must

wait t~~r NDAC to be asserted in state “B” and deasserted in s t a t e

“D” to insure the proper opera ti n g seq uen ce of th e handshake r o u t i n e .

Imp lemen ta tion

The MDS diagram , the sta te assignmen t map , arid the  NEXT STATE

maps are shown in Figure 15. A t i m i n g  diagram i s  shown In  F igu re  16

with some of the analog da ta rou t in e’s i n f o r m a t i o n . Using D ty p e

f l i p — f l o p s  as the present state holding register , the inpu t decoding

logic can he easily implemented w i t h  combinat ional  logic.  A decoder

is used for  the  o u t p u t  decoder.  A l l  s t a t e  assignmen t s  are u n i t

dis tance to el iminate f lash i ng on the ou tpu t  decoder .  The s ch n m a t i c

lb,., - - - - - —— ‘ ~~~~~~~~ “ ‘ ‘ - 
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RESET
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Fi gure 15. CPIB hl;mdshmke Suh e on t ro l  i cr :  ME ) S I)iagram , State Ass l gume’nt
Map and NEX ’l’ STATE Maps

- 
,- -_

~
_

~
-- - - - r n~~~~~~~~~~~~~~~~~~~~ - - ~~~~~~~~~~~ ---- ----~~ ’-- —- - - - - - - - -



~o~r
j P

~ 1 L_~ I __ 1 — - 
1.jJi :-~~~j

~~~~~

I

~~~~~~~~~~~~~~~~

IJL
~~~~~~~~

- - V 
~1

C— 

,ii~~!I

I
: I ;  

~~~~~~~~~~ 
— --- -

~~~
-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



15

for this iiuh e’ontro I I - r Is ~hiown In Figure’ h i , l ’h l s ~~uhe ’~~iit r o l l er w i l l

rans  Ce r d.c a to  the 4924 at  I t - a s  I 024 by t a -s per second , hut not

e’on’;tan t I \‘ at  2048 b y t e s  per see-ond. Thi I s  Is a h t m l  at  I on  of the 4924

and not t h e  subeeti t to h it’ r - The’ 4~I2 4 uSe’s a de atth 1 e huff e r system to

sto re ’ el) it li  h ’ f c a i t ’  c e - c o r d i n g  i t  c a n to  th e’ tape Fat-h b u f f e r  holds  2%

by te’s of dat  a - When ou t’ b it C f~-r  I s f u l l  , dat a Is St  0 red In he otlit’ r

huf fer  wh i te t h e  f i r s t  hu f  for  r :uns Ce ’ r s I t s d:i t a t e a  t lie tap e ’ . Wlieui

opt! ra t  I ng at  2048 ~~~ i’ it’s ~~~~‘ r Se ’ ~- e ’nd , t he’ f i r s t  h u f f e  r has not t r ans—

ft ’rre d .111 ~a t  I I  s cIa t a to t ape- by t h i t -  t Ime t I l e ’  sce- eand hu f  ft ’r  i s  C u l l ;

ther et  O t t’, on lv lie ’ I I  rs t Si  2 s ample - s  :1 re ’ re - c - c a r cie ’d at  uoa I t line

I R I  C ‘I’ line ’ t ’ode ’ Dee-ode r and Suhacont  r o l l  or

In order  f~~r dat  a o he u s e fu l , th e’ t i m e’ clur  I ng t lie ’ 11 I g u t  t h a t

the  da ta w, es re’ c-or de’d wets he ’ known . t~~t t  t a t  lv an etude t e’e’ ted 1R I C

t i m e  code av,i I 1 :ch I i ’ a t  t ho ’ I oc ’ :c t I t anS whit ’ c c ’ I lie e ’ X p ’  c t  men a 1 re at ’ke t s

wer e’ launched was r e’c- oreh’d c-a f l t  0 the ’ tape-  as a s i n g l e ’ ana I eag channe l

‘~h Is  met hod requ I rod at 1 &‘as t 500 hey I c’s of t ape - sp a e e’ and I hi t ’ use’r

had to v i  sua Ilv dt- e’~ dt’ n i l s dat a to d~’t em lii i’ hi t ’ t line ’ - Tb Is  me thiod

was subsequentl y rep I ae’e’d w i  t ic thi s 1RT C t I m~’ ceicli ’ ele’c oek i : i i i d

sube -out  ro l  le ’r .

Ope’ t j u~a~ Ove’i-v I e’w

‘Flit ’ f Wit’ I I 011) 1 1 p ar t  I t Ion of t h i s  se ’O I can I s showu l et  E l  gure ’ 18.

fli t ’ oder a c c ep t s  T R i G  forma t It time ’ t’odt’ wi t  hi a chi t a rate of

100 pat  t s Pt’ t on ci I n a ItCh) lea cana t c I r he t’ w I 11 :1 1 k ii - Mt e~ in - I e i’ or

without a e’:i i- r It ’ r - More’ ele ’ t at  led I n fenna ( i on  ct  t h i s  Comma t i s  g iven

In A p p e n d i x  C. The dee-eider de ’tce ’t s ( l ie ’  h i t  t vpe’ ( 1 NI ) l -~X N \ K K K R ,

COITh IMCT’V , cv I’OS l ’l’lON IDRNT 1 F1ER ) and forma t t he’ t f in e’ code in hours ,

minu te’s, and sc’e-onds . It t l~eri tat e’hes t h i s  cia t a in a 24 h It I at cli

whose ou tpu t  Is available t e a thie’ front pane’ I di s~a l av ,utcl t he’ T R i G

t I me’ code suhe’ou t r o l l  e ’ r - ‘l’lie’ suhacon t roller In t e r  I , t ce ’S  t e a  t h e  ma I n

cent r o l l  e’r by usi ng a handshak~’ sc’hieme’ . When the ’ handshak~’ t o  the’ seth—

con (r e l i c ’  r I s  in  i t  i : i t  e ’el , t h e ’ suhce int ro l i e  r uses act I n i t  i at  I on sche’me’

t e a  I iii erf :ie’e - t e a  l i c e’ Cl’ l B  h i a n e i s h a k t ’  sulae -on t r o i l  e’r ant i  I i , i , i s  I or I lie ’

data t e e  the’ “~‘I 24 In t hre ’t ’ h~ t e ’s , The st ih e -on t ree 11cr hen Cl i i i shies

he handshake ’ w i t h  t he ’ ma in c’ c ’ t i  I t ec h e’t -
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Detailed Operational Description

The TRIG t ime code decoder and subeontroller is divided Into two

sections accord ing to It s  f u n c t i o n .  The IRIC t ime code decoder

deciphers the TRIG t i me code Into hours, minutes and seconds. The

IRIG time code subcontroller interfaces with the main system

controller to provide the t ime code in the proper sequence to the

CPIB.

IRIG Time Code Decoder

The IRIC. time code decoder is divided Into four sections: the

detector circuit , the bit width detector , the address and timing

section, and the latch and aux (multiplexer) section . The decoder

is an asynchronous circuit In that its operation is not paced by an

external clock . However , its operation is paced by the incoming

time code data and is synchronous in that respect.

The detector circuit Is an analog circuit which detects the peaks

of the amplitude modulated time code and pulses a retriggerable mono—

stable multivibrator to produce a pulse whose width Is proportioned to a

the number of peaks detected in a 10—millisecond frame . The pulse r
width is within 20% of the standard pulse wid th  for t h e  PWM time code

signal at 100 par ts  per second . This accuracy Is  su i table  fo r  the

detector. An R—C network is used to determine the reference  for  the

peak detecting comparator in order to make this circuit relatively

independent of the amplitude of the incomi ng signal. The circuit works

very well for signals from 0.5V p—p to 26V p—p (see Figure 19). If

the detected PWM signa l is already ava i lable , this circuit can be

by—passed.

The bit width detector is based c-an a 17—bit shift register with the

time code data being the input to the’ shift register and a sampling

clock that causes a shift 16 t Int’s for each data bit. The data rate

is 100 parts per second and the clock frequency Is 1.6 ldlz. HAND

gates are used to detect whether the hit is a POSITION IDENTIFI ER ,

CODE DI G IT , or INDEX MARKER by the ntmeher of consecutive “high” bits

In the 17—bit shift register. The detection format In Table 1 Is used .

The detection range is extended past the standard width to compensate

_ _ _ _ _  
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- ‘.1

t~,r the iL1 ICcU r tc ’v t a t  t i le ’  t a l ! I e ’ I  b l a n k i n g  C l  ( a l t 1  t -

Fit e iddrt -~~ . u l l c I  t IIUILII’, 5 t c  I IOU Cc ’( t 5 I S t ~~ c a t  1 counter , a monost~ib 1o

m u t t  i v ib r a t o r . and ~t demult t~~
c le -xe’r.  The- c o u n t e r  t e r m s  t h e  a d d r t - -, a- c a t

l c C C Z 1  t 101% wj ie - r e’ t i i t-  cli I a Ia I t  i s  t e a t at - l , i  t ch i ~~eI - m d  O c a t i n  t s t h e  number

cef dat a  h i t s .  The ’ monostahie mutt i vib r a t or o~m l ~’e~-~ t h e -  ctemtii t i p !exe ’t

wh i  t’ta enables  t he addressed tat cii tea writ e (,W1~~ t Ia ~- dat  a - A I lag

BIT CN T R~~24 * is set when ii 1 CLI t a h i  ( 5  have been I a t  cu ed - a 
-

‘rite- l a t ch  and  mux sect  ion  c , ’I lS  t S t s  c a t  a 2- ’.-- 3a I t  aeicl re-ssab ic lat oh ,

a 24—la it l a t c h , ~tn 9 w i  ~!~‘ 4 t c C I U f l IX  • and aia 8—l a i t  i~r’ti— t ~a— ~ a t t d t V

deco de r - l’ht ’ 2 -e — b i t ~t~Li r e -s s, ila I c  1 at ci’. Is tlSt’el t 0 lie I 1 t lie cia t a,

b i t  by b i t  as fleW cii I I  e’II t e’ F S . Wheti ,tl 1 24 la i t s  are updi t ‘d , t h e’ 2 4 - l a  i t

l.a t ch a  is used -~~~ a ho ld  i n g  r t ’~ I t o t , t h e  o ut p u t  s 0 I t Iii s lit c’h go to

a f ron t pane l d l s p  l iv  and to ( l i e ’ S w i d e  4 to I mttx USt ’ei t o  o u t p u t

the data  in hours, minutes , anti a ; c ’~~~t ids  in  s-- h i t  la ’ .  t e -s - The c h i t , l  is

then c’onvt ’r t e’cI f r cam RCt) t cc h a i ii.t rv and st - i t t  t ca t h a t ’  o u t p u t  muX c~ t h O t  ha

the ,itia leg cI~i t a ci r c- u i  and t lie S ci i  g i ta 1. d a t a  c ’ ten it fc c r t he i r use .

Fur t tier e xia tatt a t i on cat t lie care rat I oti of the  I R1C t tin e c c ’dlc ’

decoder as a whole Is de’scr i hod i n  the f low c h a r t  and t i nat ng d i a g r a m

in Ffg’.i Fe ’ 20.  WI t h e~I t  he r  a Ia~ we~r_up rese t or an ox terna I rOSe ’ t • t l i t ’

17—hit shift reg ister i - c  c l ear ed  in ch  t h e  h i t  Ce a u I I t t ’r , t i me ~ e ade ’ (T.C. ’i

switch , and REFERENCI- ~L\KKLR ULAC ire re-sc ’t - Whe’t’. the REFF.R VNC 1~ MARKF .R

FLA G is set , lay t he  he it w it !  t Ii dot  oo t e ar  s~’c i ng twc a Cc )t lS  OC U t I ye pcas I t  ion

ld e’nt I f  i e -rs t h e  ~ i c a c ’k to t l t e  h i t  c- e)Uiiter is  e nab le d .  iii i s  c’ I~~ok is

an OR fu n c t  ion of t he  CODE h-t IC  IT I) ET KC T OR it i~1 t hit’ I NDF X MARKFR 0l-~ 3~~~~~ ’t C 3 , ,

It I s  - - a i l ed  the  DATA BiT IN D I CA T OR .  On the’ rising ed gc-- e~ t t h e ~~-~~f.\

BIT INDICATOR the CODE I)ICIT FLAG is rese t  and t h t t  W R I T E  DI  S.-\ lU. h - ( w i t )

line to the appropriate acid re - soa la  it ’ l at c h  is pulsed w i t h  -i I t t ’gil t ly e  9
going t u ~ so whose rising edge l it  ~‘ iies a “1’’ i t hac COt’L i l l  ~ ii’ F’LAG

has been sot by the C ode di g I t detect or • e a r  a ‘‘0’’ i t  t ha t- COOF 1)1 c IT a

FLA G has not hot -n so t .  On the f a l l  [rig odgi ’ e a t  t ha t’ PA ’t ’ -\ h i  I’ I N i i l  c A  l O R

the’ bit coumtt’r i s  I n c r e m e n t e d .  The ’ t Iin ~- oode ~ i s  l a t c h e d  c’fl e’ h i t  it

a t m e ’  until t he  h i t  c’caun ter e q u a l s  2- ’. , at  w h i c h  t line’ a I I  ~‘ t t h e ’ t I tnt ’

code t h a t  is needed has been 1 a t  c l t t ’el - The’ R I’l’l-IR l- N F ~ -\RK~ t~ Fl.-\c is t h e

reset a long wi th a that’ hit c’o u nt c’r - I f  t h e ’ ma in Ceant re- a l b r  ( S  nO t

re’ques t Ing the’ t l int’ c’c ade- ~s t a t e  ‘ b ’’ , the ’ new t I me ’ t’~ d~ (~ o 1 ~‘c L ~’~I I tat cc

the 2 4 — b i t  Lit cii . I i ’ . e~ cau t put c a t  thIs 1 at  ~li gc ’t ’s I a ’ -l BCI)— t o— 7 se-gme ’nt
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dec - o c he r , wh a t oh i n  t u r n  c, c ’ e’s t o  a I r o u t  l a ine ~ 1 d i  51a l i v  and t o  t i l e - I R I G

t i m e’ c cade sula con t ret t i e r ’ s S w I ~ie ’ 4 t o  I mux - T u e  eli-coder then  w~m i t  ~
t e a r t i l e’ u O X t  RFFFR1I N CI :  M A R K E R  f’l~\G I a t r e ’st ar  t i t s  serial t l int- code

d a t _ i  1_ i t t’hi I I t O. r out  I tie - lii i s t i 1ec hi  t I I1c~ - ‘ c e t i t S  c ’ l i C e  e’ i c h i  a ’t ’C (a f lc l

IR1G l i m e ’ I c adi.’ Suhc’on t ro 1 l e r  
- 

-

l i l t ’ I R I G  t [me ct -a do subeon C ro l i e ’ r ’ s ca pe r s  t I on is  shown In  t he’

I low chart and t i m i n g  cii  cigram in i i  Sure - 21 . Thie a;iinp le ia to lock of

t h e ’ _ m n . i  i~’g routine ’ I s  t h i t -  s vst ~~m c~ l c ’c k  t o !  t h i s  s u h c ’ont rob i~~r . i’ti e~

suhocan t rol le’r is re’set when t h e ’ ma In  co u t r c a 1 le ’r I s  flea t ii s t  a t e  ‘‘ha ”

i i i  d t h e  mu I t  i p tox e r (inux ) Cc c un t e ’F  i a ; r e -se ’ t - i~h en tiat ’  m,i i n  C e ’Ti  t r d 11 or

c-lit er s s t _ i t t- ‘h ’’ i t  l i i i  ttat~’s t i to  h an d s h a k e  t n t e r f i o e ’ s~~ht~’i~~ to thi s

subcont rc a l l, ’r .  V it o  mux 001111 1 e t  Is  enabie’cl c’n the next r i s  tug o c i 5 c~

c a t  t h a c  samp le - c- l o c k  and 1) 1Gb t’ - \ h .  REAl lY (RIIY) is sent t o  t h e ’ Gl’lB laand— - _

shake ’ sub ct -an t  to l i e ’ r ~is t h e ’ a ; I gna I t or t he [ t i l t  t a t  I ott t n t  ~~‘ t t  iCt ’ SC

and i i  Sc ’ t o  s i gn i t v  t h a t  the  d i  a’, i Li i  t tine ’ ~ c’d~ - d a t  a I s  v i i  I c !  - This

c h i t  i goe ’s th rough  a RCD— t o — l a  l i i i  i-v Cc ’ItVe -r to r ittid t cc t ile’ out p u t  ml i x  c~a t

t h e  ma in con t rc a I i c r , ‘I’hie t ira ; t da t  a b v t  e’ i s  t h e ’ li~aurs  see t t 0 r~ a ’t

the  t ime  ~~~~~~ . On the  nex t  s a m p l e ’ clock t he’ nuLx e’c’Li fl t  er iS i u - r t ’ment t ’d

to t h i e  m i n u t e’s Se’c~ t ion of t h it ’ t [me- O O c l e ’ and  f l I c ~ [ A l .  R O Y i s  , lc ’, ; i  i n

issued - The n ex t  sana p le c i Oc~ k I uc-re’men t s t h e’ inux coun t or t ~ t li t ’ se’c’c_a uds

se’~~t iOf l  c a t  th e’ t lute’ c - t ide ifici 1551105 I ) IGI TA L R OY . T . t .  Sl%’I L i i  is

F05t’ t as the return handsh~ k~’ si gn u l to t h e  ma li i  cont  r~a l le’r - i~he’n t h a t ’

ma itt - - on t rc’ 11 or leave’s st  at e ‘‘h ’’ the’ I R I G  t i nit’ , c’ch’ suhc~e’t i  t r c~ bie r i s

reset - rid e i~’~ir e ’cI .

Imp lenten ta ric an

The s ch~’r ’ ta t I c~ ft-ar tilt ’ I RI  . c I me c1’ cIO ,l e ’ C c cle  r .ijid C cii ’  C e ’lt t F c’ l I e  r Is

shown in FIgures  2 2  and 23. An ~1PS d iagram and NL.\~ S V A I L  maps ar t ’ I ic ~ t

Incl uded since’ a non—trad it ion ; i  I des (Sn i p i a r c a i C h  a”as used I or the

decoder and the  ci r c t i  I t  was tier i vtd rc ’m t h i e ’ t t inc ’t I OtiS I ~*~~it t t t on  -

The c on t r o l  icr  can h a t - ifltp 1 e’fli e’fl t eel s ina I’  lv l ’v t is  I ug a ‘ e ’ufl t e’ r N’ a ’,, ate -r at e
the  a d d r e s s  f e ar  t h e ’ d i  ~‘, I i i i  c ’U t  ) ‘ t it  (fl uX ilt cl to ,‘t’Lii it th e - ttunahe ’r , a ~ cha t a

bytes .

L 
__________________
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latch. A double thu~bwheel switch allows the user to set the total a

number of 16—bit words in a data frame. The sync detector synchronizes

itr~ lf to the digital data by waiting for the sync word , coun ting
selected number of 16—bit data words in a data frame, and then check-

ing to see if the sync word is present again. This method greatly

reduces the possibility of mistaking a data word , that has the same

format as the sync word, for the sync word . If the second sync word

is present, the main digital data subcontroller is issued SYNC as

part of the monitor interface scheme. The main di gital data subcon—

troller then begins to transfer the digital data in 8—bit bytes

to the 4924 through the GPIB handshake subcontroller. To aid in

formatting the data for time determination , a mark (253 binary) is

placed on the tape every 4 seconds. This mark has priority over the

digital data so that the time determining integrity is preserved.

Data after this mark are always begun with the first 8 bytes of the

next 16—bit data word . Data are transferred until the current type

file is full.

Synchronization Detector Detailed Operational Description

The flow chart in Figure 25 illustrates the operation of the

synchronization detector. On a power—up reset or external reset , the

detector is initialized to state “t” where the bit counter , word

counte r , and SYNC FLAG are reset and the clock to SYNC WORD flag is

enah~ I .  When SYNC WORD is present the detector circuit goes to

‘a ” where ihe bit counter Is enabled and SYNC WORD is reset.

When the ‘ i t  counter is equal to 8 the detector advances to state
I

“u” . Two outputs conditional on SYNC FLAG are then asserted. That

i s , the 8 FLAt’. is set and the digital data Is latched into the 8—bit

latch If SYNC FLAG Is set. Otherwise no output occurs . When the bit

counter is equal to 16, state “w” Is entered , the bit counter is

reset and the word counter is Incremented . SET 16 FLAG and DATA

LATCH are two outputs conditional on SYNC FLAG In this state. The

de tector accepts the di gital data until the word counter is equa l

to the front panel setting which Imp lies that the data frame -is

finished and the next SYNC WORD should be in the 16—bit latch, There-

fore , in sta te “x” the word coun ter Is rese t and the f l i p— f l o p  tha t

- - a - 

j
- - - _ _ _ _ _
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Figure 25. Synchronization Detector : Flow Chart
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I
che eks f a a  1 SYNC WORD iS  el ocked . I f  t he’ svn r wore! I s j a r e sent  , t li e’

det e e’ to r goes 0 s t a te  “v” where’ SYN ( F’LA ( I s  a ;t - C t o  enab le  t he’

c~ t a-t i C I ona 1 ou C puts to signal C Ia e- ma In d i g i t a l dat a seiheont ro I icr

The de t cc’ t C a a- t he’n re tu  m s  C ca s t a t e ’  “u ” t e a cont  I nile I t s eWt’ra t ion .

if  the  sync word is no t  pr e ’st ’ut , th e de t e ’-t o r  re’ C urns ta state ‘‘ t ’’

to look for C l i e ’ syn c word . If t h e’ sync word Is lost durIng the rout m e ,

SYNC !~ )Rl) i s  reset  and t lie tie ’ t ee tor ret urns to C a te  “t “ t o  res imac

s e a r c h i n g .  Three l EDs ire t an  the front p.ine’l to I ttd I ~-~i t e to t Itt ’ user

when the data Is  svnchron  I ‘ed (DATA S Y N C)  or tao t svn ciartan I ze’d (NO

DATA SYNC) and when the  h i t  svnchron  I zt ’r I s locke ’d on C lie Incoming

serial di gI t a l data (LOCK).

Imp l em e n t a t i o n

tue MDS Diagram , state’ - i  ss I gnme ’n t map and NEXT s-rAT E naajas ia re

shown In F i gures  71a :uad 77. l’lae t c-clan I que of its hag I)— t vp e - f l i p — f l o p s

as the’ present (aCe’ lao 1(1 i ug t c g  I s  t er  Wi I I on~- t’ aga I it be’ used. Due’

to the ’ small neina la e ’ r loop i lags t h a t  ~i i  e a~~s I la It’ and Ci t e numerous  t au t  p u t  s

r equ i red , mu It I p1 exers w i l l  he used for the’ i up i t  C ele ’cod lug I o g l e

and a decode r w i !  l b&- used as the out put decod I tag 1 og j . Si  lact ’ branch—

ing is on! v done on one asvnch ronous var i , i l a  1 e at a t line th e ’ In p u t

a F e ’ not l a tc h e d .  the o u t p u t  s ir e  I at  cheel to prevent 11 asIa f ng s I n e t ’

all NEXT STATE s C  ~i C e a s s i g n m e n t s  ar e not  iiia i t  d i s t  ane’e . ‘l’he seiaern;i C i C’S

are show-n i n  F ’ igu r e s  28 , 7’-) and 30.

Main u ~j  ta l  Data Suhcon t rol l e a -  1)eta l ied Or t - r a C  Ion Descri p t i o n

The mL a in d i g i t a l  da t  a suh cont  rot I er ’s operat i ~an i s  sho~~a in t l a e

f low chart In F I giare 1! . ia i~awer_  up test’ t or an cx C ( ‘m a I u ’S, ’ t s t  a m t S

the’ suhcont roller i n st  a t  a ’ ‘‘ rn’’ wite re’ I he’ I a S i-~C f l a g  i t ( ’St ’ t atad t h e

di g! t a t  ou tpu t mu i t i p lexe’r I s Se ’ t e~ se lec t  t h e  I R i ~ C I nk’ code Inpu t

If the ma in svs tern con t rol I t ’ r e’xe’ ~-u C es C in’ t ransfer o I con t r ~a I

i n  t en  ace ’ s he’me C o (it is stihc on C F a ,’ I 1cr lay a sser t  i ng P 1 C 1 l A t  , t iae’

suhcont ro  t i er  moves tea sC  i t t , - “ it ” ,tiad enable’s t in’ l(~—b i t  shift t e ’g i sC t ’a

of (lie s’ynchron I za t I on t ie ’ t e e ’ tear. IC wit It s In th I s  s t a t e ’ f , a 1 -  c i t  h~’:

the 4 SEC flag, wit I c-li o e’ c’ i i  rs ~ Vt ~ t ’v four  seconds  as a t I me de’ t e’mm h a t  ta t ’

hen c -i a mark , or I or - i ~Y Ni ’ s i gna I from t he  s vu ~ do tee t o r .  The - e S - i , -

_ _ _-- _ _ _ _  ~~~~
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RESET LEGEND
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(q) SET DIGITAL
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SET DIGITAL
READY

RESET IS F L A G

Figure 31. Main Digital Data Subeontroller: Flow Chart
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flag has pr iorit Y . If the -a SEC flag is seen, states 
,, , a a  m~1

are executed which reset the -~ SEC f l ag , selects the 253 mark on the

di gital output mux and pulses D I C 1T A L  REAI)Y t n  the  CPIB handshake

subcon troller . It then waits In state “p” for the next 4 SEC f l ag
or SYNC signal before returning rc a stare “z” or going to state “q” .

When the SYNC signal is seen , the suhcontroller goes to state “q” where

the digital output mux is set to the 8 — h i t  digital data line . If the 4

SEC f l a g  is seen , the subcontroller executes start- s “ z ” and l a
p

a a
•

O therw ise , it waits for the 8 FLAG which signifies that the first

8 b it s  of the data word are l a t c h e d  In the 8—hit latch and are

ready to be transfc rrt’d. The suha’ontrcaller advances to state “r”

where the 8 FLAG is set and D I G iTA l .  R EADY is sen t to the GFIB

handshake subcon trcaller. The suheontroller waits in ~ a .ire a a
r

a a  f o r

the 4 SEC flag, upon wh ich states I a
~~~

I a  and “p” ara,- executed , or

16 FLAG , which signifies that the second 8 hits ~f the data word

are latched on the 3 hit latch and are ready to he transferred.

On this condition state “s” Is  e n t e r e d  w h i c h  resets  16 FLAG and

issues DIGITAL READY . The scibcontroller then returns to state “q”

to continue its operation .

Implementation

The ~~S d iagram , state assignment , and N~~(T STATE maps are shown

in Figures 32 and 33. As In p revious  : on tr i al ler s , the D— t vpe  f l i p —

f lop  implementation is used for t h e present state holding register.

Al so , as In the other suhcontrcllers , the simplest imp lementation for

the input decoding logic is the multiplexer imp lementation , Since

branch ing Is done o f f  of mor e than on e inp ut tha t Is  asyn chronous

to the subcontro l ler , the necessary i n p u t s  are latched, The output

decoder i s  a 4 l ine t o  10 l ine  decoder .  These o u tp u t s  mus t  he latched

to preven t f l a s h i n g  du e to non—unit distance state assignments in

some places. Schematics for this circuit are shown in Figure 34 .

L - ~~~
-
~~~~~

- -  ----

~~~~~~~

-- - -

~~~~~~~~~~~~~~~~~~~~
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RESULTS OF FIELD TESTING OF INTERFACE SYSTEM

One of the advantages of using the controller—subcontroller

design concep t explained and illustrated in this report Is that a system

can be constructed, debugged , and operated in sections. The main

system controller with the analog section was constructed first since

these were needed for an impending field trip to Kwajalein . This

part of the system is shown in Figure 35. The entire system is shown

in Figure 36. Programs to plot the trajectory and process and plot

the data for the Capacitance Probe (C Probe), Direct Current Probe

(DC Probe), Plasma Frequency Probe (PFP), Photometers, Field—Widened

Interferometer (FWIR), Electron Accelerator and the Energy Deposition

Scintillator (EDS) were written by David Burt. The programs allow

the user to plot the complete flight data of a probe or plo t an

expanded section of any part  of the data . The t ra jectory plot and

data plots for the C probe , DC probe , and a photometer shown in Figures

37 through 39 respectively were produced by these programs.

The f i r s t use of the system was at Kwajalein Missile Range in

August 1977. Data plots of the C probe , DC probe and two photoaueters

along with trajectory were produced at this time and included in the

repor t Quick Look F ie ld Repor t, Equatorial Irregulari t-?’es-Wide Band

Satellite Support. In this operation a current limiting problem in

the interface was discovered and corrected .

The next two uses of the system were at Poker Flat Research

Ra-nge in Alaska in November 1977 to plot  data  from the FWIR , photometers ,

EDS , and the three—channel DC probe ; and at White Sands Missile Range
New Mexico in December 1977 to plot data from the Electron Accelerator.

Data from the latter is included in the report PRE CEDE I I :  Summarized

Results. These two trips revealed the need for a front panel switch

debounce and a reset switch; both of which were corrected.

The most recent use was in Alaska in February 1978. Plots of

the trajectory, DC probe and PFP were included in ~ui ’~ Look F- ’cld
Report , (

~oomJi~~ ted flo: ’t-tme In ves 70t? - on of Ii - ~ z Lat i tude Scint ilZ~zt ions
on the Honest John—Hydac Wideband Rocket. Plots of the trajectory ,

Elec tric Field Probe , EDS , C Prob e , and 2 photometers  from the

_ _ _ _  —
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SGT—Hydac Multi—Rocke t were Included in ~~~~~~ Look F-f . -’ .i J1’a~~’~~~~i t ~~

a ~i : !~~~a ~~ t ‘ ) ? %  (‘t :~ ~: t f L-’ -
- -: ‘~ ti 7 l i t  ‘~~ o - No

problems were encountered In the opera t ion  of the Interface itself ,

but more attenuation of the inpu t signal and signal limiting were

requesLed to fac ilitate use with the telemetry ground stations there.

All of these changes have been Incorporated into the system .

The TRIG time code decoder and suhcontroller along with the

digital data subcontroller were not included in these tests , bu t have

since been built and Integrated into the system.

Summa ry

A d a t a  acquisition and processing system that can produce p lo t s

of the data from various probes for quick—look data analysis i s  a

valuable ass et for perso ns concerned w i t h  the probes. W i t h  an inter—

face system to transfer the data In a specified format to the 4924

Digi tal Car t r idge Tape Driv e, the 4051 Graph ics System can produce

such data plots. The design and development of the interface system

meeting all of the desi gn requirements established in the  introduction

is explained in this report. The plots In the quick—look data reports

verify the value of the system ’s operation .

The controller—subcontroller design concept exp lained in t h i s

repor t and illustrated by the system design and imp lementation is a

useful design tool that aids in simp lif ying both the des ign and

hardware imp lementation of a system . Increased speed is also obtained

since this concept allows parallel operation of one or more subcon—

trollers along with the operation of the main system controller.

The Implementation shown in the thes i s based on th is des ign

concept is comprised of the following:

(1) A 12—state ma i n  system con tro l le r  w it h an analog
da ta  routine.

(2) A 4-state GPTB handshake s u hc on t ro l l er .

(3) A 5— state [RIG tim e code suhcontroller and 7—etate
IRIG time code decoder.

(4 )  A 7 — s t a t e -  ma i n  di g i t a l  su h c c ’n t r o l l er  and a 6 — s t a t e
svnchron l zat ion detector.

- __ _______~~ ____4_ — _ __=— -
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A total of 41 s ta tes  are used t o imp lement this system . If th~
sys tem was imp lemented wi th a single con t roller , an estimated 66 S t a t e S

would be required . This would comp licate the dt -~~i e~n phase due to

the many state variables Involved , and ine rt-as,- t h e  comp lt?X ltV ~ f t h e

inp ut decoder , present state holding registers , and t h e  output

decod ing logic. This shows tha t the dt-si pn concept is vt -rv useful

in app lications where mu ltiple contro l operation s art- r e q u i r e d .

--- - -- ---
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4051 Graph ics System and Peri pherals
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~ )5 I S s  t ern Block Di a~ ram Desc rip r ion

llie 4051 ~;rapht c Sy s t e m  is a m i c r - a -.~ omput  or  s-~stem c o n t a i n i n g  a

Ni cr opr oa - t -sI ~ L u g  U n i t  (~l l l ) , a T a t i d a pi Access Memory ( RAN ) , and a

R e -ad U n iv  Mem ory (RO N ) . There are t i o . -~- b u i l t —  in  p~- r i p l I e r u l s  which

attach directl y to the MN h a i s  l i n e s .  These p e r i p h er a l s  a r t - t he

keyboard (the primary input uov ice -) . th e  d i  splay (tla& - p r i m a ry  o u t p u t

device), and the magnetic tape u n i t  (a mass  s t o r a g e  d c v i a - t - ) .  Iwo

option al perip herals can 11150 he att ached via external plug connections :

a Hard Copy U n i t  for making paper copies caf diop l .:i a-ed infa a nnat ion ,

and a Joy S t i c k  w h i c h  ;il lows the keyboard operator to manually control

the position of the display cursor when entering graphic information.

there  are two i n t e r f a c t - a-a wh i ch p r o v i d e  1 co t t l nun i cat i - l ’n channel

for  e x t e r n a l  peri phera l  devices,  t h e  General  Purpose T n t e r f a c - e

provides a bit—parallel . hvt e—se- rial data pati’. for peri pheral devices

such as di g i t a l  X—Y P l o t t e r s , Instrument ation Systems , and D i sk F i le
D e v i c e s .  This  i n t & - r f a c e  c on f o r m s to I FiTF.  St a n d a r d  fl~4 8 8 — l 9 7 5 ,  The

Da ta Cormnunications Interface provides a hit—s erial 1-i nk between the

Graph -i c System and devi ces such as ho s t  c o n p u t . r s , and modems. This

i n t e r f ac e  conforms to t h e  RS —2 ~~2--C s t a n da r d .

Svs tern O p e r a t i c - n

The G r a p h i c  Sy s t e m  r e c ei v e s , s to res , solves , d isp lay s , and t r ansmi t s

l o g i c  problems t h a t  you c r e a t e  f r om a - a ’mli i a a ti on  of symbol s , l e t t e rs ,

numbers, and graphics. The system accepts d a t - a from its k e y b o ar d ,

f r om m a g n e t i c  tapes , and fr o m  other Instruments. It displays dat a

On i ts  i.V.—lIke screen and it transmits the data to at-tether iistrum ent ,

to magnetic  tape . or bo th  s im u l t a n i -eas i c .

- ‘a ( a 6 7  Gene ra l  Descri ption

The ~ h ( a 7 (Figure A3) is an Int eractiv e Plotter that is d igita l ly

stepped and controlled. ft provides permanent- ~r~ij ’1ii c rc -ord i ng

c a p a b i l i t i e s  fo r  ~h -v  I c c - s  t h a t  l a 1 t \ ~c either the KS— ,~l 7 — ç  i n t e r f a c e

(suc h as F~’k tron ix 40 10—a, -r leit F e ’r m t n a  I b ased  sv s t  e r n )  or the GPtB (I}TC) 1

~PTB in t erface is de fined i n  T U F T —  S t i ~~- l . i rU 4 85— 1~ -~ ~: 1 FFU Stan dard
D i g i t  a 1 T n t  ‘r i  a ~ f o r  P r o g r a m m a b l e  T us t r in f l en  I - i t ion . A des.-i- i p t ion of
interflu- e characteristics Is found in A p p e n d i x  R.
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interface (such as the Tektronix 4051 Graphic System) . This choic e-

of interfaces allows the Plotter to he used with a wide variety of

systems and equipment.

Each axis of the plotter Is propelled by a four—phase stepp ing

motor . Each motor pulley drives a plastic—covered cable that is at-

tached to the pen carriage to move th e’ carriage along the appropriate

axis. Internal circuitry controls the number of steps In each axis

to create the appropriate vector. Each motor step results In .005

Inch of linear motion In that motor ’s axis.

The 4662 will accept paper sizes up to 11 i nches (27.9 cm) In Y j
by 17 inches (43.2 cm) in X; maximum p lotting s~~ zt’ is 10 inches (25.4

cm) by 15 inches (38.1 cm). The Page Scaling feature of the 4662

allows the plo t size to be easily adjusted from the front panel to

fi t the paper size being used. The paper is held  In  p o s i t i o n  by

electrostatic attraction generated by the platen .

The 4662 performs three basic types of operations . It can

print alphanumeric characters draw i ng the ASC ii character received on

the plotting surface. The Plotter can also pr oduce graphics by
moving the pen across the plotting surface , lifting and lowering the

pen to produce written vectors only when desired . In addition ,

the (Graphic Input) GIN operation allows the Plotter to act as a

digitizer , transmitting the coord i nat e’ position of the pen along w i t h

pen status (up or down) upon command . Actua l imp lementation of these

operations varies according to the Interface being used.

Other features of the 4662 include the ab ility to scale the

alphanumeric character sizes (Independently from the p lot s i z e )  and

to rotate the alphanumeric characters. Tn addition , a number of p lot ters

may be linked together with ’. different device addresses assigned to each .

In this way , data may be sent to only one of a group of p l o t t e r s ,

selectively .

4924 General Descr i ption

The 4924 is a Digital Car t r id ge Tape Drive unit. By acting as

a peripheral tape memo ry , i t  p rovides  the c a p a b i l i t y  fo r  loca l  s torage

of digital ly—recorded data . The data is recorded on I i  3MR DC— 300—A type

of data cartridge . 
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The 4924 Is equipped with a GFIB(IEC) interface for all input

and output functions . This allows the 4924 to operate as an auxiliary

storage device with systems that employ this  type of Interface. Such

a system migh t include a system controller , such as a TEKTRONIX 4051

Graphic System, or might be a simpler ii-tstrtnnentation system containing

only talkers and listeners.

Ther e are two methods of controlling tape operations in the

basic unit. One method employs commands issued over the CPIB.  This

method is typically used in GPIB systems that use a controller device ,

such as a TEKTRONIX 4051 Graphic System, to oversee system operation .

The other control method employs front panel controls to perform

basic tape operations . In addition , machines w i t h  Option 37 provide 
a

an alternate method of program—controlled operation . The operating

me thod is selected by setting the front—panel ON LINE switch , and by

the rear—pane l switch on Option 37 units.

4631 General Description

The 4631 Hard Copy Unit (Figure Al) makes permanent high—contrast

copies from Tektronix 4010— family Storage Display Terminals and Tektronix

613 and 613— 1 Storage Display Units. A copy is produced when a remote

copy command Is applied , or when the COPY button on the f ron t panel

is pressed .
After the image is app lied to the paper (as i t  passes In front of

the CRT within the unit), the paper is cut and the image is heat—developed

with in  the processor.  The paper copy is then e jec ted  in to  the paper

tray In the top of the cover.
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G~~11i ( 0 0 0 c - e t o r

The GPI B  e~at’.neetor is located on the  rear  panel  of the  Grap h i c

System main chassis. This connec t  c c  a l l o w s e x t e r n a l  per i phe ra l  - 
-

devices to he connect eel to the’ system • The  dcv i cc’s must conform to

IEEE Standard :t488_ 1975 which dc-scribes a hvt e—t serial , hit—p arallel

Interface system for programmable measuring apparatus . The CPIB

connector is a standard 2-~~p i f l  conIl (’c t or such as an Amp hen al  M i c r o —

RIbbon
R connector , w ith sixteen ac~~i’.’e signa l lines and eig ht interlaced

grounds. The cable attached to the CrIB connector must he

no longer than 20 meter s maximum with no more- than fifteen peri pheral

devi ces connected at Ont ~ t im e . The’ c on n e c to r  p i n  ar ran g emen t and

s ignal  l i n e  nomenclature is shown in Figure’ 111.

The GPIB Interfacing Conc’e’pt

The GP I B  I s  funct lonallv divided into t h r e~’ component busses

an eight—line Data Bus , a t h r e e — l i n e  T r a n s f e r  Bus , and a f i v e — l i n e

Management Bus for  a t o t a l  c - f  s i x t e e n  a c t i v e  si gna l  l i n e s . This  bus

structure is shown in Figure B~ .

The transfer rate ’ over the Data Bus i s  a function of the s I owes ( a

peri pheral device raking part In a transfer at any one time . The

bus operates asvnchronous 1~- with a maximum transfer rate of ~S0K

bytes / second  (one megahvtt ’ !second w i t h  t r i s t a te  d r i v e r s ’) . Both

peripheral addresses and data are sent se-qucntiaflv over the Data Bus .

Once per i pheral  addr esses ar e e ’s t a h l i sh e d  fo r  a p ar t  i cu l ar  t r a n s f e r ,

successive data bytes may he transmit ted in a burs t f o r  hi gh~er

effective data rates.

Peripheral device’s en t he  (‘.PIB are  des i gna ted  as t a l k e r s  and

listeners. The Graphic System acts as thc~ c o n t r o l  i c r  t o  a s s i g n

t peripheral dcvi (‘ c’S on t h e ’ I,us as Ii stene’rs and talkers. l’he G r a p h i c

System further assume’s t h a t  i t  is  the o n l y  c on t r o l  le’r O t t  the’ bus and

it has complete contro l ovcr the d lr t h - t iO fl  ot  a l l  da t a  t r a n s f e r s .

There is ito prov IS i ott  in  the G r a p h i c  Svs tern for o t I t e t -  d c v i  ~~~ on t he

GPI B to take’ turns as cent reli c’ r— in—char ge ’.

A talker Is a dcvi cc ’ capable of t r a n s m  i t t  i ug i t i fo rma t ion en

the Data P-us . There can he 011 1 V One ’ t at ke r at a t I m~’ . The (~ rziph Ic

— 
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S s  tern m 1 croprocessor has the ~~ii ~ i i i  ~
- t o  assum e’ t h e  r o l e  of the

talke r when it is programmed to do so ,

A l i s t ene r is a devie - e capab l e - of r e c e i v I n g  i n f o r m a t i o n  t r a n s m i t t e d

over the Data Bus. There may he tip t o  four t c ’ e f l  list ene-rs taking

par t in an I/O operat ion at any one t Ime’ . ‘l’tie’ Graphic Sv s t  em mi crc--

processor has the ab i l  i tv to asotirne the role- of a l i s t  a - T i e r any t ime-  L
i t  is  programmed to do so.

CPI B S i gnal D c i i  nit i c - t ic -

Da ta Bus

The Data Bus c o n t a i n s  e ig h t  h i d  i r e - c t  i~~nti l a c t  ive— low signa l lines ,

DiOl through 0108. One byte of iriforma t ion (eigh t hits) is  t r a n s f e r r e d

over the bus a t  a time . 0101 represents the least sii ~n j f l e a n t  hit

in the byte ;  0108 represen ts  t h e  most si g n i f i c a n t  b i t in the I’\-te .

Ea ch byte represents :i p e t i  pher a  I a d d r e s s  (e ’ i t  It1 -r prim a n~- or s e con d a ry  ,

a con trol word , or a data byte. Data b v t  c-s can  he forma t t ed  in

ASC11 code , with or without parit y ( t h e  C r a p h i c  System assumes no

parity), or they can be format ted in  mach i ne -— d e pe’nden t h i  n a r y  c o de .

Managemen t Bus

The Managemen t Bus Is a group of f I ye sIgnal 11 nc’s which ,i ne used

to control data transfers over the Data Bus . The si gnal de’ finition s

for th e Management Bus are -is follows :

- TGN A L I W F 1 N I T I O N

Attention (ATN) This  signal linc ’ i s  ac t  i v a t  cal ‘t ’~ the
con troll er when per  I plie ra I dcv i c es  are
he i na ~ ass i c i i ~’d a - l i s t  c r c - n c -  and t a l ker s
O n ly  per i ph cri 1 addres  sc’s and c c - i t t  re 1
messages ca ll  be t ransfe rt-ed O V e - 1

the I),t ta But; is-hen -\ IN I s act lye low .
A fter -\ I’N ~‘~~a a -c -  i t i g ui . oti l~- t h o se ’
per i p li -r a  I dc -v I c-es wh i cit ,i ra ass i gned
as list e n d s and talkers edfl take p a r t
in t h e  d a t a  t r a n s  [C ’ r . Tue ~r at’li i c
Svs tern ~isstmies i t  I s t he on Iv sc-u r , - e ’
of this si gnal. 

-— - t t . t_ 
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S I C N A I D E F I N I T I O N

Service Reques t  (SRQ) Any  p e r i phe ra l  d e v i c e  on t h e  G}’lB
can r e q u e s t  t h e  a t t e n t i o n  of  the  con-
t r o l l e r  by s e t t in g  SRO a c t i v e  low .
The co n t r ol l e r  responds  by s e t t i n g
A I N  a c t i v e  low and executing a serial
pol l t o  see- which device is requesting
s er v i c e .  T h i s  response is genera ted  b
an ON SRQ THEN s t a t e m e n t  w h i c h  is execu-
ted in t h e  b ASIC program . The se r ia l
n c - l i  Is  t aken  when a POLl . s t a t e m e n t  is
executed in  t h e  BASIC program . Af ter
the per i phe ra l  dev i ce requesting
service is found , li:\SIC program control
is transferred to a service routine
for that device. When t h e service
rout late ’ is  f i n i s h e d  e x e c u t i n g , ~ ro~~r ani
con t rol r e t u r ns t a ’  the  main program .
The SRQ signal line is reset to an
inac tive state when the dev ice
r e - q u e s t i n g  s e r v i c e  is p o l l e d .

I n t e r f a c e  Clea r  ( IFC)  The IFC s i g n a l  l i n e  is ac t  i v a to d  by the
c o n t r o l l t - r -  when it w a n t s  to p lace al l
interfa ce circuitr y in a prede—
t c ’rm i ned quiescen t state. The
Crap l i i c  Sy s t e m  assumes t h a t  i t  i s
the o n ly  source of this signal. IFC is
a c t i v a t e d  each t i m e  t he  I N I T  s t a t emen t
i s  e x e c u te d  in  a BASIC program .

Remote Enable (REN) l Il t ’ RFN signa l l i~ie is a c t i v a t e d
whenever the system is operating under
program control. Ri - N causes all per i—
ph er a  I d ev i ces  on CPI B to ignore t h e i r
f ron t pane l  c o n t r o l s  and ope ra t e
unde r r e m o t e  contro l v i a  signals and
control messages r ece ived  over the CPIB.

End or I (lent i f y ( E O I )  The -0 I s l a n a  I can he used by the
talker to i n d i c a t e  t he  end of a data
t r a n s f e r  sequence .  The t a l k e r
a c t i v a t e S  EO 1 as th e ’ l a s t  b y t e  of da ta
is transmitted. When the  con t r o l l e r

) is listening, it assturies that a data
b yte tece’ ived is the last b yt e’ in the
t r a n sm i s s i o n  i f  EOI i s  a c t i v a t e d .  When
t h e  cen t rol It -n I s talk i nt~, I t a I w a v s
act ivates EOI as rite ’ list b yte is
transf erred .

L~. -
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The ‘fr z i n s f e - r_ Bus

A handshake sequence is executed by t i c -  t a l k e r  ~nd t h e  l i s t e n e r s

over the Transfer Bus eac h t im e  a ala  Ui byte is transferred over the

Da ta Bus. The ‘t ransfer Bus s i g na l  l in e s  l Y a ’ d efi ned as f ollows :

SI CNAI , Dl-;l~1 N TT 1ON

Not Ready for Data (N RFI ))  -in net ly e - lo w  NRVI) si gnal l i n e  i n d i c a te s
that one oc more assi gned listeners
ir e no: ready to rece ive t he  next

~i a t a  by t e. ia~~t a -i i  a l l  of t he  assi gne d
l i s t e n e r s  f o r  a par t i c i l a r  d a t a  t r an s f -r

have r e lC -a sed N1~I L ) , t h e  NS-I-Tl l ine
goes i i t ’ t - t i v e  hi g h.  T h i s  t e l l s  the
f - i  Iker to p l ac e  til e- next data bate on
t h e  D a t a  Bus .

D a t a  Va l id  (DAV ) The DA\ si g na l  l i n e  is activated by
the t a l k e r  shortl\ ’ after the talker
places a valid data h~’te rn the Data
Bus . An ac ti ~‘e low l~AV signal tell s
each ii stene l tat capture the data
byte present]\- t aIl t h e  Data Bus .
The t a l k e r is  i n h i b i t e d  f rom a c t i —
v a t  log DiV wh en N R F D  is ac t  i v e  low

Data N ot  Accepted (ND AC) The N I 1AC s i g n a l  l i n e  i s  held  a c t i v e
low by each l i s t e n e r  u n t i l  t he
listene r captures the data byte cur-
ren t l y  b e i n g  t r a n s m i t t e d  ove r the
D a t a  Bus . Whcn a l l  l i s t ene r s  hav~-

- - captured t h e  d a t a  byte , Nfl \C ~oes
inactive high . Tb i s  t e l l s  the talker
to take the  b v t  e o f f  the t i c - t a  bus  -

Handshake Parameter S~~~tes

Once the CONTROLLER has a s s igned  the  TAl KER and t 1 S T t \t~ -~S t i t e

data  t r a n s f e r  may commence. The only activit y on t ic - bus s lic - itid he

t h e  changing of DATA accompanied by the Data V alid variable (,DAV I

going f r om -~ to 1 and the a l t e r n a t e  s w i t c h i n g  of t i - ic N~~t i ~ (~ -l md

NDAC (,~
) parameters from ,~ to 1 and back t o  ~ again with ti a

LISTENERS request for data (using NRFD) and . summarila- , ac ea - -

of data (using NDAC).

Two coi~ ion errors may occur during the t r ans I c r .  l~ -

requests  data (NRF D b ,  NDAC 1) and the TALKER nt -va r - 

t.a - :M~~~~~~~~-J-~ 
~~- - - - - - - • - - • - - - - - -
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which means not admitting that valid data is on the bus (DAy = 4) ),
the bus will hang up. As there is no defined clocking rate for data,

the LISTENERS think that they have a slow TALKER on the line and just

sit there waiting for it. The difference between a slow talker and a

dead one is a matter of degree. Thus, the controller cannot check

f or this error. This will occur during an incorrect INP UT , READ ,
OLD, or APPEND from an existing device or a request to TALK addressed

to a LISTEN—only device.

The second error is more insidious. NRF D and NDAC are binary

and the two can thus have a total of four different configuratiz ns

(11, 10, 01, 00). Three are legal. The “0,0” state is a LISTENER
error.

The “1,1” State

In the “1,1” state the LISTENER is Not Ready for Data (NRFD

1) and has Not Accepted Data (NDAC = 1). This is a legal state for

the LISTENER as it is indicating to the interface that it is not

yet prepared internally to continue with the handshake cycle. If

any LISTENER has the 1,1 configuration (NRFD (n) 1, and NDAC (n) =

1) then communication on the bus is temporarily held up. All

LISTENERS enter and leave communications modes in the 1,1 state.

The “4),1” State

• In the “4), 1” state the LISTENER is Ready for Data (NRFD = 4))
and therefore Not Accepting Data (NDAC 1). This is a legal state

• for any and all LISTENERS as it indicates to the interface and

TALKER that the LISTENERS are prepared to receive messages.

The “1,4)” State

In the “1,4)” state the LISTENER is Not Ready for Data (NRFD =1)

because it is in the process of Accepting Data (NDAC = 4 ) ). This is

certainly a valid state as the LISTENER is indicating to the TALKER
to maintain a valid byte of data. In the “1,0” state the LISTENER

is indicating to the TALKER that it has received a data byte and

is processing it.
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The “$,$ “ State
The “4),4)” state Is always present In at least one device (the

TALKER) but is not valid in an nsslgned LISTENER . In the “4),$”

state the LISTENER Is Ready for Data (NRPI) — 4)) and is In the process

• of Accepting Data (NDAC 4)). The first signifies to the TALKER to

get rid of the present data and the second says to retain it as the

data Is still being read . The TALKER should recognize this as an

error. Remember that the TALKER does not see the status of each

LISTENER , but only the logIcal OR of a l l  the NRFI) (n )  and a l l  the

NUAC (n) elements . If any LISTENER has its NRFI) or NDAC parameter

set to “1” , the TALKER will not recognize the presence of a

state In another LISTENER. Soph ist i c a t ed  GP IB LISTENERS will generate

an EOI or SRQ If both its NRFD and NDAC are “4)” and when the dev i ce

is In the LISTENER mode . Many do not.

Handshake Sequence

Let us now consider the actua l handshake sequence Involv i ng a

TALKER (in control of parameter 1)1W) and some I,ISTENERS (controlling

the communications rate with parameters NRFI) and NDAC~ .

1. On initialization and lus t after assignmen t of TALKER and
LISTENER status, the TALKER initializes DAV — 4)(data not
va if d) .

2. The LISTENERS init iali ze NRFI) — I (none are ready for data)
and set NDAC I (none have accepted the data). The
LISTENERS w i l l  hold up the sy stem u n t i l  they feel  tha t  they
are able to handshake and respond to data  i f  ac~’ept cd .

3. The TALKER checks for  the “ 4 ) , 4 )” st a t u s  error c o n d i t i o n
(both NRFI) and NUAC — 4)) then places the  Z)ATA in  the
common area. In realit y t he’ data is placed on R par~ l leI
lines known as the 1)10 (Data Input/Output) lines.

4. The TALKER then delays to allow the data to “~ e t t l e ~” on
the DIO lines. Meanwhile the LISTENERS have’ in lti allre’d

• themselves and ar’ capable of handshaking . They now wat t
until they are ready to accept data.

5. All LISTENERS have’ now indicated readiness to accep t the
first data byte (all NRFD (n) — 4)), therefore , NRFD — 4).

6. The TAI.KER , ~tpon sensing NRFD — 4), sets I)AV — I to Indicate
tha t data is settle (1 and valid.
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7. The first LISTENER sets NRFD 1 to Indicate that It Is
no longer ready, then accepts the data. The other LISTENERS
follow at their own rates.

8. The first LISTENER sets NDAC 4) to indicate that it has
accepted the data. (NDAC remains — 1 because the other
LISTENERS st ill have NDAC (n) — 1.)

9. The last LISTENER sets NDAC (n) 4) to indicate that it
has accepted the data; all have now accepted and NDAC — 4) .

10. The TALKER, having sensed that NDAC 4), sets DAV 4).
This indicates to the LISTENERS that the data (on the 1)10
lines) must now be considered not valid.

11. TALKER changes data (on the DI0 lines).

12. TALKER delays to allow da ta to settle (on the 1)10 lines).

13. LISTENERS, upon sensing DAV — $ (at 10) set NDAC — 1 in
preparation for next cycle. NDAC I as soon as the first
LISTENER sets NDAC (ii ) - I.

14. The f i r s t  LISTENER Ind i cates that  i t  is ready for the next
data byte (character) by setting NRF1) (n) — 4). (NRPD
remains — 1 due to other LISTENERS causing NRFD (4)) — 1.)

15. The last LISTENER Indfcatea tha t It Is ready for the next
data byte by setting NRFI) 4). NRFD (4)) is nc~ equal to 4).

16. The TALKER upon sens i ng NRVD 4), sets DAV 1 to indicate
that data on the flI() lines is settled and valid.

17. The firs t LISTF.NER sets NR F1) • 1 to indicate that It is no
longer ready, then accepts the data.

18. The firs t LISTENER sets NDAC (n) — 4) to indicate tha t It
has accepted the data as In (8).

19. The last LISTENER Sets NUAC 4) to Indicate that it has
accepted the data as in (9).

20. The TALKER , having sensed that NDAC (4)) 4), sets DAV — 4)
as in (10).

2 1. The TALKER ren~ ven the data byte from the 1)10 signal l ines
after setting TIMI a

22. The LISTENERS, upon sensing MV • 4), Set NDAC 1 in
preparation for the next cycle.

23. Note that all three handshake signals, DAV , NRFD and ND/IC
are at their initialized states as in (1) and (2).

- ._~• _~_.~~~a__ —
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cOM POSITI ~ s ATA BYTE SECOND DATA BYTE
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FIGURE 84. HANDSHAKE SIGNAL LINE TIMING SEQUENCE
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I
TRIG Format B

1. T ime: Universal Time (1JT—2). H

2. TIme Frame: 1.0 second.

3. Code Digit WeIgh ing Options: BCD, SB or both.

a. Binary Coded Decimal time—of—year Code Word—— 30
binary digits.

1. Seconds, minutes , hours, and days.

2. Recycles yearly.

b. Straight Binary time—of—day Code Word—— 17 binary digits.

1. Seconds only.

2. Recycles each 24 hours.

4. Code Word Structure:

a. BCD: Word begins at Index Count! Binary coded elements

occur between Position Identifier Elements (7 for

seconds, 7 for minutes , 6 for hours, 8 and 2 for days)

until the Code Word is coi~~lete. An index I4arker

occurs between decima l digits In each group to provide

separation for visual resolution .

b. SB: Word begins at Index Count 80. Five decimal

dig Its (17 b Inary coded elements) occur with a Position

Identifier between the 9th and 10th binary coded

elements.

5. Least significant digit occurs first.

6. Element rates available:

a. 100 per second (basic Element rate).

b. 10 per second.

c. 1 per second.

7. Element Identification :

a. “On time” reference point for all Elements is the

leading edge.

b. Index Marker 2 milliseconds.

(Binary zero or uncoded Element)

c. Code Digit 5 milliseconds .

(B inary End ) .

Ii
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d. Position Identifier—— tO per second .10 milliseconds .

(Refers to the leading edge of the succeeding Element.)

e. Reference Marker——I per second 2 consecutive

Position identifiers.

(The “on time” print , to which the Code Word refers
Is the leading edge of the second Position Identifier.)

8. Resolution : 10 millIseconds (unmodulated).

1 millisecond (modulated).

9. Carrier Frequency : 1 kc. when modulated .

L -• ~~~~~~~ 
_ _ _ _ _ _ _ _
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